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(54) ACTIVE MATRIX UGHT EMITTING DIODE PICTURE ELEMENT STRUCTURE AND METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce uneveness of a current 
in a light emitting diode(LED) so as to improve uniformity of 
luminance by composing picture element structure of NMOS 
transistors, a capacitor and the LED. 

SOLUTION: Picture element structure 300 is composed of five 
NMOS transistors 310-350. a capacitor 302 and an LED 304. A 
selection line 370 is connected to a gate of the transistor 350. 
and a data line 360 is connected to one terminal of the 
capacitor 302. An auto-zero line 380 is connected to a gate of 
the transistor 340, and a VDD line 390 is connected to the 
drains of the transistors 320. 220. One terminal of the capacitor 
302 is connected to the source of the transistor 330 and the 

drains of the transistors 340, 350, and the sources of the t^caBft. :i>^wQ* 

transistors 310, 320 are connected to one terminal of the LED 
304. With this constitution, unevenness of a current can be 
reduced in the LED 304. 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
dasiages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a display equipped with at least one pixel. The pixel concemed (1) The 1st transistor which 
has the gate which is an object for the connection to 1st selection Rhine, the source, and a drain, (2) The 1st 
terminal to which the drain of the 1st transistor concemed is connected, The capacitor which has the 2nd 
terminal, and the gate which is an object for the connection to (3) auto-zero line. The 2nd transistor which 
has the drain with which the drain concemed of the 1st transistor concemed is connected with the source, (4) 
The gate which is an object for the connection to 2nd selection Rhine, and the source connected to the drain 
of the 2nd transistor concemed, the 3rd transistor which has a drain, and (5) ~ with the gate connected to the 
source of the 1st transistor concemed The 4th transistor which has the drain connected to the soxirce and the 
source concemed of the 2nd transistor concemed, (6) The gate connected to the source of the 1 st transistor 
concemed, and the source, The 5th transistor which has the drain connected to the drain concemed of the 
3rd transistor concemed, (7) Display characterized by the source of the 4th transistor concemed and the 
source of the 5th transistor concemed consisting of the optical element which has two terminals connected 
to one terminal. 

[Claim 2] The display according to claim 1 said whose optical element is an organic light emitting diode 
(OLED). 

[Claim 3] The display according to claim 1 or 2 said each transistor of whose is a thin film transistor built 
with amorphous silicon. 

[Claim 4] A display given in any of claims 1-3 said whose 2nd selection Rhine is auto-zero lines fi-om the 
previous line they are. 

[Claim 5] It is the display equipped with at least one pixel. The pixel concemed (1) The 1st transistor which 
has the gate which is an object for the connection to one selection Rhine, the source, and a drain, (2) The 1st 
terminal to which the drain of the 1 st transistor concemed is connected, The capacitor which has the 2nd 
terminal, and the gate which is an object for the connection to (3) auto-zero line, The 2nd transistor which 
has the drain with which the drain concemed of the 1 st transistor concemed is connected with the source, (4) 
Diode which has the 1 st terminal connected to the source of the 2nd transistor concemed, and the 2nd 
terminal for connection with lighting Rhine, (5) The gate connected to the source of the 1 st transistor, and 
the source, the 3rd transistor which has the drain connected to the 1st terminal of the diode concemed, and 
(6) — the display characterized by the source of the 3rd transistor concemed consisting of the optical 
element which has two terminals connected to one terminal. 
[Claim 6] The display according to claim 5 said whose diode is schottky diode. 

[Claim 7] It is the display equipped with at least one pixel. The pixel concemed (1) The 1 st transistor which 
has the gate which is an object for the connection to 1st selection Rhine, the source, and a drain, (2) The 1st 
terminal to which the drain of the 1st transistor concemed is connected. The capacitor which has the 2nd 
terminal, and the gate which is an object for the connection to (3) auto-zero line, The 2nd transistor which 
has the source to which the source concemed of the 1 st transistor concemed is connected, and a drain, (4) 
The gate which is an object for the connection to 2nd selection Rhine, and the source connected to the drain 
of the 2nd transistor concemed, the 3rd transistor which has a drain, and (5) — with the gate connected to the 
source of the 1st transistor concemed The 4th transistor which has the drain connected to the soiirce and the 
above-mentioned source of the 3rd transistor concemed, (6) The gate connected to the soxirce of the 1st 
transistor concemed, and the source, The 5th transistor which has the drain connected to the drain concemed 
of the 3rd transistor concemed, (7) Display characterized by the soxirce of the 4th transistor concemed and 
the source of the 5th transistor concemed consisting of the optical element which has two terminals 
connected to one terminal. 
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[Claim 8] The display according to claim 7 said whose optical element is an organic light emitting diode 
(OLED). 

[Claim 9] The display according to claim 7 or 8 said whose 2nd selection Rhine is an auto-zero line from the 
previous line, 

[Claim 10] (1) at least one auto-zero-ized pixel structure, and (2) ~ the display which consists of the auto- 
zero line connected to the auto-zero-ized pixel structure concerned in order to enable activation of auto- 
zero-izing at the auto-zero-ized pixel structure concerned, and the 2nd line connected to the auto-zero-ized 
pixel structure concerned so that one electrical potential difference might be carried to the auto-zero-ized 
pixel structure concerned, in order to extend the range of (3) auto-zero electrical potential differences. 
[Claim 11] The approach which is the approach of tuming on the display which has at least one pixel 
including the circuit which controls the impression energy to an optical element, and is characterized by to 
consist of the step which auto-zero-izes the (a) pixel, the step which loads data to the pixel concerned via (b) 
data line, and the step which turns on the optical element concerned based on the data by which (c) 
preservation was carried out. 

[Claim 12] The approach according to claim 1 1 of containing further the step which precharges said pixel 
before said auto-zero-ized step (a). 

[Claim 13] The approach according to claim 1 1 or 12 said auto-zero-ized step (a) contains the step which 
impresses criteria black level. 

[Claim 14] The approach which is the approach of tuming on the display which has at least one pixel, and is 
characterized by to consist of the step which adjusts input pixel data based on the pixel parameter by which 
(a) (b) measurement was carried out with the step which measures the pixel parameter of the pixel 
concerned, and the step which tums on the pixel concerned based on the input pixel data by which (c) 
adjustment was carried out. 

[Claim 15] The approach according to claim 14 said measurement step (a) measures externally the current 
pulled out by said pixel. 

[Claim 16] The approach according to claim 14 or 15 said adjustment step (b) amends said pixel data using 
said measured pixel parameter in order to ask for an electrical-potential-difference offset (Voffset) 
parameter, 

[Claim 17] The approach according to claim 16 said adjustment step (b) amends said pixel data further using 
said measured pixel parameter in order to ask for a gain factor (C) parameter. 

[Claim 18] It is the system which consists of the display which changes from two or more pixels to ** when 
it connects with a display controller and the display controller concerned. Each pixel concemed The gate for 
connection to (1) 1st selection Rhine, the source and the 1st transistor which consists of a drain, and (2) — 
with the 1st terminal connected to the drain concemed of the 1st transistor concemed The capacitor which 
has the 2nd terminal, and the gate for connection to (3) auto-zero line. The 2nd transistor which has the 
source connected to the source concemed of the 1st transistor concemed, and a drain, (4) The gate for 
connection to 2nd selection Rhine, and the source connected to the drain concemed of the 2nd transistor 
concemed, the 3rd transistor which has a drain, and (5) ~ with the gate connected to the source concemed of 
the 1st transistor concemed The 4th transistor which has the drain connected to the source and the source 
concemed of the 3rd transistor concemed, (6) The gate connected to the source concemed of the 1st 
transistor concemed, and the source, the 5th transistor which has the drain connected to the drain concemed 
of the 3rd transistor concemed, and (7) — the system characterized by the source of the 4th transistor 
concemed and the source of the 5th transistor concemed consisting of the optical element which has two 
terminals connected to one terminal. 

[Claim 19] (1) the measurement module for measuring the pixel parameter of a pixel, and (2) — the display 
controller who has a store for saving the measured pixel parameter concemed, and (3) — the system which 
consists of the display connected to the display controller concemed in order to display the input pixel data 
adjusted based on the saved pixel parameter concemed. 

[Claim 20] The system according to claim 19 which has a current detecting circuit for said measurement 
module to measure the current pulled out by said pixel. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to active-matrix light emitting diode pixel (pixel) structure. 
This invention relates to the actuation approach of the pixel structure of reducing the heterogeneity of a 
current in the light emitting diode of pixel structure, and improving the homogeneity of brightness in detail, 
and said active-matrix Hght emitting diode pixel structure. In addition, this application is the U.S. ******** 
of September 29, 1997 application. 060 60/386 Number and U.S. ******** of September 29, 1997 
application 060 60/387 If the priority of a number is asserted, to **, it will quote at this apphcation. 
[0002] 

[Description of the Prior Art] The matrix display which turns on a pixel using matrix addressing as shown in 
drawing 1 is common knowledge in the technical field concerned. The typical display 100 has, the screen 
element (pixel) 160, i.e., the display element, constituted by the row and column. This display contains the 
string data generator 110 and the line data generator 120. While sequential energization of each line is 
carried out through line Rhine 130 in actuation, the pixel which corresponds using corresponding train 
Rhine energizes. In a passive matrix display, although one pixel of each line is tumed on at a time one by 
one, in an active matrix display, data are loaded to the pixel of each train one by one. That is, although "each 
train of a passive matrix display is only in an energization condition in a part of all mere frame time", what 
each train of an active matrix display "is made into an energization condition for" over the whole frame time 
is made. 

[0003] Various play techniques (LCD), for example, a liquid crystal display, and a light emitting diode 
display (LED) came to be used with spread of a portable display, for example, a laptop computer. It is 
important to save the power of the portable system which uses a display in a portable display generally, and 
to enable it to extend the "time" of a portable system by it. 

[0004] In LCD, the back light is tumed on over the whole term of a display in use. That is, in order to tum 
on all the pixels in LCD and to make a certain pixel "dark", the light which passes along a pixel is 
interrupted in a polarization layer. On the other hand, a LED display abolishes the need of only the 
energized pixel being tumed on and turning on a dark pixel, and is planning power saving. 
[0005] The active-matrix LED pixel structure 200 of the conventional technique of having two NMOS 
transistors Nl and N2 in drawing 2 is shown. In this pixel structure, by energizing to a transistor Nl, data 
(electrical potential difference) are first saved to Capacitor C, then, it energizes to the "drive transistor" N 2, 
and LED is tumed on. Although electricity can be saved also for the display which used the pixel structure 
200, with this pixel structure, an uneven intensity level is presented according to some causes. 
[0006] In the first place, it is observed that the brightness of LED is proportional to the current passing 
through that. During use, since the threshold voltage of the "drive transistor" N 2 carries out a drift, the 
current which passes along LED may change. Change of this current serves as a cause of the heterogeneity 
of the brightness of a display. 

[0007] Another cause of the heterogeneity of the brightness of a display can be found [ second ] out in 
manufacture of the "drive transistor" N 2. In some cases, homogeneous reservation of the initial threshold 
voltage of a transistor is made from a difficult ingredient, consequently the "drive transistor" N 2 is changed 
for every pixel. 

[0008] The electrical parameter of LED may also present [ third ] heterogeneity. For example, under bias 
temperature stress conditions, the increment in the tum-on electrical potential difference of OLED (organic 
light emitting diode) is expected. 

[0009] Therefore, the pixel structure of reducing the heterogeneity of the current resulting from fluctuation 
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of the threshold voltage in the "drive transistor" of pixel structure, and the approach relevant to it are needed 

in the technical field concerned. 

[0010] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the LED (or OLED) pixel 
structure of improving the homogeneity of brightness by reduction of the heterogeneity of the current in the 
light emitting diode of pixel structure, and an approach. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention 
persons came to complete a header and this invention for the ability of five NMOS transistors, a capacitor, 
and the pixel structure that consists of LED to solve the above-mentioned technical problem, as a result of 
inquiring wholeheartedly. 

[0012] The first summary of this invention is a display equipped with at least one pixel. Namely, the pixel 
concemed (1) The 1st transistor which has the gate which is an object for the connection to 1st selection 
Rhine, the source, and a drain, (2) The 1st terminal to which the drain of the 1st transistor concemed is 
connected. The capacitor which has the 2nd terminal, and the gate which is an object for the connection to 
(3) auto-zero line, The 2nd transistor which has the drain with which the drain concemed of the 1st 
transistor concemed is connected with the source, (4) The gate which is an object for the connection to 2nd 
selection Rhine, and the source connected to the drain of the 2nd transistor concemed, the 3rd transistor 
which has a drain, and (5) ~ with the gate connected to the source of the 1st transistor concemed The 4th 
transistor which has the drain connected to the source and the source concemed of the 2nd transistor 
concemed, (6) The gate connected to the source of the 1st transistor concemed, and the source. The 5th 
transistor which has the drain connected to the drain concemed of the 3rd transistor concemed, (7) The 
source of the 4th transistor concemed and the source of the 5th transistor concemed consist in the display 
characterized by consisting of the optical element which has two terminals connected to one terminal. 
[0013] In the desirable mode of the 1st sxunmary, pixel stmcture consists of three transistors and one diode. 
[0014] In other desirable modes of the 1st summary, pixel structure is different pixel stmcture of having five 
transistors. 

[0015] Pixel stmcture is equipped with one Rhine of the addition which extends the auto-zero-ized 

electrical-potential-difference range in other desirable modes of the 1st summary. 

[0016] The 2nd summary of this invention measures a pixel parameter, and consists in one external 

measurement module which adjusts input pixel data using it, and various measxuing methods. 

[0017] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail using a drawing. In addition, 
in order to make an understanding easy, the element common to each drawing attached the same possible 
sign. 

[001 8] Drawing 3 is the schematic drawing of the active-matrix LED pixel structure 300 by this invention. 
In a desirable embodiment, active-matrix LED pixel stmcture is carried out using the transistor made using 
the thin film transistor (TFT), i.e., polish recon, or the amorphous silicon. Similarly, organic light emitting 
diode (OLED) is used for active-matrix LED pixel stmcture in a desirable embodiment. Although this pixel 
stmcture is carried out using a thin film transistor and an organic light emitting diode, even if this invention 
uses other transistors and light emitting diodes of a type, it can be carried out. 

[0019] This pixel stmcture 300 offers a uniform current drive, even when [ that the heterogeneity of 
transistor threshold voltage (Vt) is large and ] the heterogeneity of an OLED turn-on electrical potential 
difference is large. That is, it is desirable to maintain at homogeneity the current which passes along OLED, 
and to secure the homogeneity of the brightness of a display by it. 

[0020] When drawing 3 is referred to, the pixel structure 300 consists of five NMOS transistors Nl (310), 
N2 (320), N3 (330), N4 (340), and N5 (350), a capacitor 302, and LED (OLED) (optical element)304 
(optical element). Selection Rhine 370 is connected to the gate of a transistor 350. The data line 360 is 
connected to one terminal of a capacitor 302. The auto-zero line 380 is connected to the gate of a transistor 
340. VDD Rhine 390 is connected to the drain of transistors 320 and 330. The auto-zero line 382 fi-om the 
continued line in a pixel array is connected to the gate of a transistor 330. 

[0021] It should note being able to carry out the auto-zero line 382 fi-om the previous line as 2nd selection 
Rhine. That is, the timing of a current pixel can be used without the auto-zero line 382 from the previous 
line needing the 2nd selection Rhine, and reduces the current complexity and the cost of a pixel by it. 
[0022] One terminal of a capacitor 302 is connected to the source of a transistor (setting to Node A) 330, 
and the drain of transistors 340 and 350. The source of a transistor 350 is connected to the gate of transistors 
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(setting to Node B) 310 and 320. The drain of a transistor 310 is connected to the source of a transistor 340. 
Finally, the source of transistors 310 and 320 is connected to one terminal of LED304. 
[0023] As mentioned above, the drive of an organic LED display has many problems by various 
heterogeneity. This invention relates to the structure of the organic LED display for these problems. That is, 
each LED pixel is driven by the insensible approach to fluctuation of an LED turn-on electrical potential 
difference, or fluctuation of TFT threshold voltage. That is, the auto-zero-ized approach used in order to 
cope with fluctuation of an LED tum-on electrical potential difference or TFT threshold voltage can be used 
for the present pixel, and it can ask for an offset voltage parameter. 

[0024] Furthermore, data are supplied to each pixel as a data electrical potential difference by the approach 
extremely similar to the approach used in the conventional active-matrix liquid crystal display. 
Consequently, extemal or built-in can also be used for the display structure of this invention to the scaimer 
of the conventional row and colunm. 

[0025] Five TFT(s), one capacitor, and LED are used for the pixel of this invention. Connection of TFT is 
not at the cathode of LED, it should note connecting with an anode and this is needed by the fact that ITO is 
a hole emitter in organic [ conventional / LED ]. Therefore, LED is not at the drain of TFT and is connected 
to the source. The train of each display has two line Rhine (an auto-zero line and selection Rhine), and 1-1 / 
2 train Rhine (a data line and +VDD Rhine shared with the next train). The wave on each Rhine is also 
shown in drawing 4 . Actuation of a pixel 300 is explained in full detail in three phase, i.e., a three-stage, 
below. 

[0026] The first phase is a precharge phase. The forward pulse on auto-zero (AZ) Rhine of the previous line 
382 turns "ON" a transistor 330, and precharges the node A of a pixel to Vdd, -MOV [ for example, ]. Next, 
in order that a data line may write data in the pixel of the previous line, it changes from the base-line value, 
and returns to the base line. This does not have the net effectiveness to a pixel under consideration. 
[0027] The second phase is an auto-zero phase, current AZ Rhine and current SELECT Rhine of a line — 
high — becoming — transistors 340 and 350 — "ON" — carrying out — transistor Nl The gate of 310 is 
dropped, an auto-bias is applied to a tum-on electrical potential difference, and a pole hoe ****** current is 
passed to LED. In this phase, the sum total of the tum-on electrical potential difference of LED and the 
threshold voltage of Nl is saved at the gate of Nl . Since Nl and N2 approach very much and they can be 
arranged, those initial threshold voltage is extremely similar. Furthermore, the gate voltage Vgs to the 
source of these two transistors is the same ****. Since it depends for the drift of the threshold voltage of 
TFT only on Vgs over all the lives of TFT, it can be considered that the threshold voltage of these devices is 
followed over all the lives of TFT. Therefore, the threshold voltage of N2 is also saved on the gate. After 
completion of auto-zero-izing, while an auto-zero line returns to a low (low), selection Rhine is still yes 
(high). 

[0028] The third phase is a data write-in phase. Data are impressed as an electrical potential difference 
exceeding a base-line electrical potential difference to a data line, and are written in a pixel through a 
capacitor. Next, selection Rhine is related with a low, the sum total of return, a data electrical potential 
difference, a plus LED tum-on electrical potential difference, and the threshold voltage of plus N2 is related 
with the remaining frames, and it is saved at Node B. It should note being able to use the capacitor from 
Node B to +Vdd so that the saved data may not be lost by leak. 

[0029] In short, a thin current (trickle current) is used during an auto-zero phase, and the tum-on electrical 
potential difference of LED and threshold voltage of N2 "are measured", and are saved at Node B. This 
auto-zero phase is essentially actuation in the current drive mode in which a drive current is very small. An 
increment is given to LED using the data electrical potential difference impressed only after became a write- 
in phase after an auto-zero phase. Therefore, it can be said that this invention has "a hybrid drive" rather 
than an electrical-potential-difference drive or a current drive. The hybrid drive approach does not have a 
fault in an electrical-potential-difference drive and a current drive, and combines both advantage. 
Fluctuation of the tum-on electrical potential difference of LED and the threshold voltage of TFT is 
amended completely like the case in a current drive. Since all Rhine on a display is driven with an electrical 
potential difference to coincidence, it can drive at high speed. 

[0030] attention **** ~ the increment of the data electrical potential difference impressed to things at a data 
line 360 is divided between Vgs(es) of N2 (320) and LED rather than appears directly over the LED304 
whole. This only means that there is non-line [ from a data electrical potential difference to an LED 
electrical potential difference ] type mapping. Although this mapping is combined with non-line [ from an 
LED electrical potential difference to an LED current ] type mapping and the transfer function of a data 
electrical potential difference to the whole LED electrical potential difference is generated, this is 
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monotonous and stable over all the lives of a display as mentioned above. 

[0031] The transistor (N3, N4, and N5) in the pixel by which a threshold is not amended of the advantage of 
the present pixel structure 300 is [ only 1 train time amount ] that it is expected that it does not shift to the 
forge fire which a duty cycle is very short and can be recognized since it becomes ON per fi-ame. 
Furthermore, N2 is the only transistor in the present pass of LED, If the transistor by which the series 
connection was carried out on this pass may degrade display effectiveness, or may generate the problem by 
non-amended TFT threshold shift and is shared by all the pixels on one train, it may bring about the - 
remarkable cross talk of a lengthwise direction. 

[0032] A selection pulse and an auto-zero (AZ) pulse are formed with a line scanner. In addition to a fixed 
base-line electrical potential difference (arbitration), string data is impressed in the time slot between AZ 
pulses. On a data line, the downward edge of a selection signal is generated, while data are effective. 
Extemal [ of either a direct sample type or a chopped lamp type / various kinds of ] or a built-in train 
scanner can generate data by this timing. 

[0033] According to the above-mentioned pixel structure, a large-sized accepting-reality display can be built 
using organic [ LED ]. or [ of course, / that a display element or the tum-on electrical potential difference of 
TFT shifts current pixel structure also to the display technique of the arbitration which uses the display 
element which needs a drive current especially ] — or when uneven, it can apply. 

[0034] Drawing 5 is the schematic drawing of the desirable embodiment of the active-matrix LED pixel 
structure 500 by this invention. Although this pixel structure 500 is similar to the pixel structure 300 of 
drawing 3 , one schottky diode is being used for it instead of two transistors here. 

[0035] Using five transistors per pixel is mentioned as one of the faults which the pixel structure 300 may 
have. That is, since many transistors are used for each pixel, the fill factor (fill factor) (assimiing the bottom 
side emission which passes along an active plate) of a pixel, and its yield (yield) may also be affected. 
Therefore, the pixel stracture 300 achieves the same fimction as the above, reducing a transistor count firom 
five pieces to each pixel at three pieces only using one schottky diode. 

[0036] In drawing 5 , a pixel 500 consists of the schotticy diode 540 of 502 or 1 capacitor of three NMOS 
transistors [ 3 (530) or 1 ] Nl (510), N2 (520), and N, and LED (OLED)550 (optical element). Selection 
Rhine 570 is connected to the gate of a transistor 530. The data line 560 is connected to one terminal of a 
capacitor 502. The auto-zero line 580 is connected to the gate of a transistor 520. Lighting Rhine (similar to 
VDD Rhine) 590 is connected to one terminal of schottky diode 540. 

[0037] One terminal of a capacitor 502 is connected to the drain of transistors (setting to Node A) 520 and 
530. The source of a transistor 530 is connected to the gate of a transistor (setting to Node B) 510. The drain 
of a transistor 510 is connected to the source of a transistor 520, and one terminal of schottky diode 540. 
[0038] The pixel structure 500 also operates as follows in 3 of a precharge phase, an auto-zero phase, and a 
data write-in phase phases. Before all lighting Rhine is mutually combined around the display and a 
precharge phase starts, these lighting Rhine is held at the electrical potential difference VILL of plus of 
abbreviation +15V. In the following explanation, a line vinder consideration is called "Line i." The wave on 
each Rhine is also shown in drawing 6 . 

[0039] The first phase is a precharge phase. Precharge will be started, if auto-zero (AZ) Rhine tums ON a 
transistoi; N2 and selection Rhine tums ON a transistor N3. This phase is performed when a data line is in 
reset level. Although the electrical potential difference in Nodes A and B rises to the same electrical 
potential difference as the drain of a transistor Nl, this is a diode descent lower than VILL. 
[0040] The second phase is an auto-zero phase. Next, lighting Rhine falls to a ground, all the pixels in this 
phase and on an array — a short time — it becomes dark. Here, schottky diode 540 insulates the drain of a 
transistor Nl fi-om grounded lighting Rhine, and auto-zero-ization of Nl starts. If Node B reaches an 
electrical potential difference almost equal to the tum-on electrical potential difference of the threshold 
voltage plus LED 550 of a transistor Nl, a transistor N2 will be turned "OFF" using AZ Rhine, and lighting 
Rhine will return to VILL. All the pixels of the line which was not chosen light up again. 
[0041] The third phase is a data write-in phase. Next, the data about Line i are impressed to a data line. The 
power surge in Nodes A and B makes equal the difference between ttie reset voltage level of a data line, and 
a data voltage level. Thus, fluctuation of the threshold voltage of a transistor Nl and the tum-on electrical 
potential difference of LED is amended. After the electrical potential difference in Node B settles down, a 
transistor N3 is turned OFF using selection Rhine about Line i, and a data line is reset. A data electrical 
potential difference suitable to the following frame is saved now at a pixel. 

[0042] In the above, although it had the advantage of 5 transistor pixel described previously, 3 transistor 
pixel for an OLED display with few transistor counts was explained. It is that a separate transistor is used 
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for auto-zero-izing and an LED drive by 5 transistor pixel as further advantage. In order for a pixel 300 to 
operate appropriately, it is required for the initial threshold of these two transistors to be in agreement, and 
to carry out a drift similarly over the whole term of a life. According to the place which the latest 
experimental data suggests, if the drain electrical potential differences of TFT(s) (they are these transistors 
like) differ mutually, similarly the drift of both the TFT(s) will not be carried out. Therefore, a pixel 500 
performs auto-zero-ization on the same transistor which drives LED so that suitable auto-zero-ization may 
be guaranteed. 

[0043] Drawing 7 is the schematic drawing of the alternative embodiment of the active-matrix LED pixel 
structure 700 by this invention. Although this pixel structure 700 is similar to the pixel structure 300 of 
drawing 3 , it generates a still more exact auto-zero electrical potential difference. 

[0044] That is, in drawing 3 , each precharge cycle produces auto-zero-ization from the fact of pouring the 
big plus charge QPC into the node A of a pixel 300 as shown in drawing 3 . The capacitance of all in a 
precharge phase and on Node A is almost from Capacitor Cdata, and the charge poured into Node A is 
expressed with a formula (1 ). 



[0046] VA is an electrical potential difference in the node A before a precharge phase starts here. VA is 
influenced by the data beforehand given to the pixel 300, the threshold voltage of N3 (300), and the tum-on 
electrical potential difference of LED304. Since Cdata is big capacitance (about IpF), QPC is also as large 
as 1 0 picocoulomb (picocoulomb) extent. 

[0047] When it is in the auto-zero level by which the pixel 300 was stabilized, QPC flows through Nl (300) 
and LED304 during an auto-zero phase. Since auto-zero spacing (interval) is short (about lOmicrosec), a 
gate pair source auto-zero electrical potential difference higher than the threshold voltage may remain in Nl, 
and LED exceeds and auto-zero-izes the tum-on electrical potential difference similarly. Thus, in an auto- 
zero-ized process, it is Node A and Node B and not a true zero current auto-zero electrical potential 
difference but the approximate value may be generated. 

[0048] What should be observed is the point that it is not necessary to generate the true zero current auto- 
zero electrical potential difference corresponding to the exact zero current which passes along Nl and LED. 
In this invention, it is desirable to obtain the auto-zero electrical potential difference which can pass a feeble 
current (about lOnanoampere) through Nl 300 and LED 304. Since auto-zero spacing (interval) is about 
lOmicrosec, QPC must be about 0.1 picocoulomb extent. As mentioned above, QPC(s) are about 10 
picocoulombs. 

[0049] Thus, as big effectiveness of QPC, the stabilization auto-zero electrical potential difference of a pixel 
may easily exceed the sum total of threshold voltage and a tum-on electrical potential difference. Over the 
whole display, if the auto-zero electrical potential difference with this superfluous condition itself is 
uniform, it will not become a problem. That is, this effectiveness can be coped with by offsetting all data 
electrical potential differences suitably. 

[0050] However, a problem may be produced when it QPC is not only large, but is influenced by a front 
data electrical potential difference and the front auto-zero electrical potential difference itself If this 
condition occurs within a display, the auto-zero electrical potential difference of all pixels not only becomes 
superfluous sharply, but the magnitude of excess voltage may differ for every pixel. Under such conditions, 
a uniform display cannot actually be made by auto-zero-ization of a pixel 300. 

[0051] Since this problem is coped with, a pixel 700 can lower Precharge QPC to a very small value. 
Moreover, the "adjustable precharge" approach that QPC can be changed according to a charge actually 
required for auto-zero-izing is indicated. When a current auto-zero electrical potential difference is too low, 
in order to, raise an auto-zero electrical potential difference even to a desired value in short, QPC serves as 
the minimum value and about 0.1 picocoulombs. However, if a current auto-zero electrical potential 
difference is too high, QPC will become zero substantially and an auto-zero electrical potential difference 
will be enabled to fall quickly. 

[0052] When drawing 7 is referred to, a pixel 700 consists of five NMOS transistors, Nl (710), N2 (720), 
N3 (730), N4 (740) and N5 (750), a capacitor 702, and LED (OLED)704 (optical element). Selection Rhine 
770 is connected to the gate of a transistor 710. The data line 760 is connected to one terminal of a capacitor 
702. The auto-zero line 780 is connected to the gate of a transistor 740. VDD Rhine 790 is connected to the 
drain of transistors 720 and 750. The auto-zero line 782 from the continued line in a pixel array is connected 
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to the gate of a transistor 750. 

[0053] In this invention, it is the description that the auto-zero Hne from the continued line can be made into 
second selection Rhine. That is, it can be made the timing which can use the auto-zero line 782 from the 
continued hne, without needing second selection Rhine for the timing of the present pixel, and the present 
complexity and the cost of a pixel can be reduced. 

[0054] One terminal of a capacitor 702 is connected to the drain of a transistor (setting to Node A) 710. It 
connects with the gate of transistors (setting to Node B) 720 and 730, and the source of a transistor 710 is 
connected to the source of a transistor 740. The drain of a transistor 740 is connected to the source of a 
transistor (setting to Node C) 750, and the drain of a transistor 730. Finally, the source of transistors 730 and 
720 is connected to one terminal of LED704. 

[0055] Furthermore, a pixel 700 is similar to a pixel 300 concretely except a precharge electrical potential 
difference being impressed to the node C which is flie drain of a transistor N3 (730). Furthermore, there is 
also some timing modification [ like ] shown in drawing 8 . Below, actuation of a pixel 700 is divided into 
the phase of three phases, and is explained. 

[0056] The first phase is a precharge phase performed into the front Rhine time (i.e., before data are 
impressed to the pixel of the continued line). The pulse of plus on selection Rhine turns "ON" Nl, by this, 
Nodes A and B short-circuit mutually and the condition of a pixel 700 retums to the condition after the last 
auto-zero phase. That is, a pixel retums to the electrical potential difference independent of data which is the 
latest guess value of the suitable auto-zero electrical potential difference of a pixel. While Nl is "ON", the 
forward pulse on the auto-zero line 782 from continued-line Rhine tums "ON" a treinsistor N5, and 
precharges Node C to Vdd by this. Next, transistors Nl and N5 are set to "OFF." 
[0057] Although ON of transistors Nl and N5 and the relative timing of OFF are not so important, a 
transistor Nl must be set to ON before a transistor N5 is tumed off. Otherwise, a transistor N3 may still 
serve as as [ ON ] according to the old data electrical potential difference, and the charge poured in to Node 
C may leak through a transistor N3. 

[0058] Charge QPC is saved in Node C after a precharge phase on the capacitance of the gate pair source / 
drain of transistors N3, N4, and N5. Since the svim total of these capacitance is very small (about 10 fF(s)) 
and precharge spacing raises Node C by about lOv, QPC(s) are about 0.1 picocoulombs at the beginning. 
However, this charge is the rate of changing with the approximation precision over the true auto-zero 
electrical potential difference of a front auto-zero electrical potential difference, and is leaked from Node C 
before an auto-zero phase. Therefore, for auto-zero-izing, the relation of QPC<=0.1 picocoulomb will be 
more precisely shown according to how much amount of charges saying whether to be the need. This is the 
adjustable precharge description. When the last auto-zero electrical potential difference is too low, N3 is un- 
flowing in a precharge phase, and QPC should stop at the maximum and raises an auto-zero electrical 
potential difference toward the demand level during an auto-zero phase. When the last auto-zero electrical 
potential difference is too high, N3 flows, QPC will be leaked by the time an auto-zero phase starts, and the 
sudden fall of an auto-zero electrical potential difference is attained. 

[0059] Although the relative timing of transistors Nl and N5 is not important, desirable timing is shown in 
drawing 8 . In order to make into the shortest time amount which precharge takes, two transistors Nl and N5 
are set to ON at coincidence. Although Nl is off before N5, thereby, leak (it is intentional) of QPC from 
Node C corresponds to the node B electrical potential difference depressed in capacity by tuming OFF Nl. 
Thereby, leak of QPC from Node C certainly corresponds to an equal node B electrical potential difference, 
when zero data are impressed to a pixel. 

[0060] In short, a pixel 700 offers the precharge means of the pixel which enables more effective auto-zero- 
ization as compared with a pixel 300. Specifically, auto-zero-ization of a pixel 700 is an independence to 
correctness, quickness, and data more. In the check by computer simulation, a pixel 700 has good auto-zero- 
izing, and the almost fixed OLED current pair data voltage characteristic can be maintained over the whole 
term of the actuation life of 10,000 hours. 

[0061] Drawing 9 is the schematic drawing of the active-matrix LED pixel structure 900 which are other 
embodiments of this invention. Although the pixel structure 900 is similar to the pixel structure 700 of 
drawing 7 , it has additional Vprecharge Rhine 992, and the points which can extend the auto-zero 
electrical-potential-difference range, without raising the LED supply voltage Vdd differ. This additional 
correction of a pixel improves the life and effectiveness of a pixel. 

[0062] Since Vdd is a precharge electrical potential difference, the pixel (200,300,700) explained above has 
a limit that an auto-zero electrical potential difference cannot exceed Vdd. However, in order that the 
threshold voltage of transistors N2 and N3 may carry out a drift over the life period of a transistor and may 
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amend the drift of TFT drift voltage and an OLED turn-on electrical potential difference, the point which 
will need to make an auto-zero electrical potential difference higher than Vdd is reached. Since an auto-zero 
electrical potential difference caimot reach a higher electrical potential difference, the homogeneity of a 
display deteriorates quickly and marks the end of the useftil Ufe longevity of a display. If Vdd is made high, 
a higher auto-zero electrical potential difference can be attained, but since Vdd is also an OLED drive power 
source, power effectiveness falls victim. 

[0063] Furthermore, if Vdd is lowered and a transistor N2 is operated in the Rhine form field for an 
improvement of power effectiveness, the range of an auto-zero electrical potential difference will be 
restricted further. (If it is made such, of course, it is necessary to make N2 larger than the case where it is 
made to operate by the saturation state) Since an auto-zero electrical potential difference needs to reach level 
higher than Vdd after short-time actuation in this case, a drive life becomes very short. 
[0064] If drawing 9 is referred to, the limit to an auto-zero electrical potential difference is lost to a pixel 
700, and modification of the option which makes it possible to fully exceed Vdd by it is included in it. The 
pixel 900 is the same as a pixel 700, except that train Rhine 992 is added and it is connected to the drain of a 
transistor 950. 

[0065] Train Rhine 992 is added to the array in order to carry the DC electrical potential difference 
Vprecharge to all pixels. These train [ all ] Rhine interconnects at the edge of a display. By raising 
Vprecharge to level higher than Vdd, a pixel 900 can be precharged and auto-zero-ized on an electrical 
potential difference higher than Vprecharge. ** — a high value hardly affects display effectiveness. 
[0066] Each Vprecharge Rhine 992 should note that the share with the train which a pixel adjoins is 
possible. This Vprecharge Rhine is run as line Rhine, and the share with an adjoining line is possible for it 
again. 

[0067] In short, in order to extend the range of an auto-zero electrical potential difference exceeding Vdd, 
the OLED pixel equipped with additional electrical-potential-difference Rhine is indicated. By this, an 
OLED drive transistor is a required low electrical potential difference on power effectiveness, and it can 
operate even in the Rhine form field, without restricting an auto-zero electrical potential difference 
depending on the case. Therefore, a long actuation life and a long well head can be attained. Although this 
modification was explained about the pixel 700, finally this option modification can carry it out in other 
auto-zero pixel structures which are not restricted to them including the above-mentioned pixel 200,300. 
[0068] although each above-mentioned pixel structure is designed so that the transistor threshold voltage 
fluctuation and OLED tum-on voltage variation in a pixel may be amended as an object for an OLED 
display, these pixel structure copes with the heterogeneity generated in the exterior of a pixel — as — it is not 
designed. The usable thing was pointed out to the conventional train drive circuit also after this pixel had 
united with the display even from the exterior of a display plate. 

[0069] Though regrettable, as for an one apparatus data driver, it is common that is not so accurate as an 
external driver. Although the precision of **12mV can be attained in a conmiercial external driver, it has 
become clear in flie one apparatus driver that precision of **50mV cannot be attained. An error peculiar to 
an one apparatus driver type is DC level of a data non-dependency applied to an offset error, i.e., all data 
electrical potential differences. This offset error changes the value of an ununiformity, i.e., DC level, for 
every data driver. A liquid crystal display tends to permit an offset error. It is because it is almost exact on 
the average and a mutual error cannot be recognized by the eye, although a frame drives the reason by 
sequential antipole nature, an offset error makes liquid crystal dark slightly with a certain frame and it is 
made bright with the following frame. However, an OLED pixel is driven with single polarity data. 
Therefore, it does not generate, but if an one apparatus scanner is used, a serious heterogeneity problem may 
generate bipolar elimination of an offset error. 

[0070] Drawing 10 is the schematic drawing of the active-matrix LED pixel structure 300 of this invention 
connected to the data driver 1010 through the train transistor 1020. This invention explains the elimination 
approach of the offset error in the one apparatus data scanner for an OLED display. That is, this approach is 
designed so that it may operate with the pixel of the arbitration which a pixel is connected to a data line in 
capacity, for example, has an auto-zero phase like the above-mentioned pixels 200,300,500 and 700. 
[0071] If drawing 10 is referred to, the above-mentioned pixel 300 is connected to the data line which 
supplies analog level to a pixel in order to decide the bri^tness of an OLED element. In drawing 10 , a data 
line is driven by the data driver which uses the chopped lamp technique (chopped ramp technique) for 
setting up an electrical potential difference on a data line. The various sources of an error which generate an 
offset error on a data line exist in this approach (technique). For example, the time amount from which an 
electrical-potential-difference comparator changes may be changed according to the maximum slew rate 
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(slew rate) of a comparator. Moreover, changing the maximum slew rate sharply is observed by experiment. 
An offset error affects the electrical potential difference saved at the pixel. Since the offset error is tmeven 
again, fluctuation of brightness is brought about over the whole display. 

[0072] In this invention, the period of auto-zero-izing for a pixel to eliminate the internal threshold error of 
itself is used also for the calibration of the offset error of a data scanner. The wave of various Rhine is 
shown in drawing 1 1 . 

[0073] That is, this is attained by setting up criteria black level on a data line using the seime train driver as 
impressing an actual data electrical potential difference. This criteria black level impressed during the auto- 
zero phase of a pixel is set up on a data line in the completely same way as an actual data electrical potential 
difference being set up. That is, in the time amount defined by the electrical-potential-difference 
comparator, the chop of the data lamp (data ramp) is carried out. Therefore, the electrical potential 
difference which crosses the capacitor C of a pixel becomes settled with the combination which added the 
offset error electrical potential difference to the tum-on electrical potential difference and black level of a 
pixel. Criteria black level is maintained during the whole term of an auto-zero phase. If actual data are 
impressed to a pixel, a data scanner offset error will be eliminated by the electrical potential difference 
saved on the capacitor of a pixel. 

[0074] This technique is applicable not only to the one apparatus scanner which uses a chopped lamp but the 
scanner which uses a direct sampling to up to a train. When, as for an error, a train (it is big) transistor is 
turned OFF in a direct sampling, it generates by the ununiformity capacity feed through to the data line of a 
gate signal. Threshold voltage fluctuation of this transistor produces an ununiformity offset error completely 
like the ununiformity offset error produced with a chopped lamp data scanner, 

[0075] Therefore, this can be amended similarly. Black reference voltage is written in a train during the 
auto-zero phase of a pixel. Since all a party's pixels auto-zero-ize to coincidence, this black level is written 
in all data streams at coincidence at the time of the Rhine time initiation. Black level is maintained 
throughout [ whole term / of an auto-zero phase ]. Like [ in the c£ise of a chopped lamp scaimer ], if actual 
data are impressed to a pixel, an offset error will be eliminated by the electrical potential difference saved at 
the pixel capacitor. However, a time amount overhead required for amendment of an offset error is 
considered for there to be [ which uses direct sampling technique ] rather than [ little ] using chopped lamp 
technique. 

[0076] The approach of this invention for amending a data driver error should enable creation of the 
homogeneous far good organic LED display of brightness rather than the option. The approach explained 
here and the auto-zero-ized pixel of one of the above can be used, and the brightness homogeneity of 8 bits 
without degradation which was conspicuous in homogeneity over all the lives of a display can be attained. 
[0077] Although the above-mentioned indication described two or more pixel structures which can be used 
since the heterogeneity of the brightness of a display is coped with, an external means can amend 
heterogeneity as substitute approach (technique). More specifically, the following indication explains the 
approach and the external calibration circuit for coping with the heterogeneity of the brightness of a display. 
In short, the heterogeneity which measured heterogeneity, saved and was measured can be used about all 
pixels, and the calibration of data (for example, data electrical potential difference) can be performed. 
[0078] Thus, in the following explanation, although the conventional pixel structure of drawing 2 is used, 
the external calibration circuit and approach of this invention can be used for other pixel structures which 
are not restricted to these including the above-mentioned pixel 300,500,700. However, if heterogeneity is 
coped with by the extemal calibration circuit and approach of this invention, easier pixel structure can be 
adopted as a display and the yield and the fill factor (fill-factor) of a display can be made to increase by it. 
[0079] Drawing 12 is the schematic drawing in the condition of having interconnected and having 
considered the array (set) of a pixel 200 as the pixel block 1200. If drawing 2 is referred to, in the case of 
actuation, data will be the approach ordinarily performed with an active matrix display, and will be written 
in a pixel array. That is, by driving selection Rhine highly, the party of a pixel is chosen and an access 
transistor Nl serves as ON by it. By impressing a data electrical potential difference to each data line, data 
are written in each pixel of this line. After the electrical potential difference in Node A is stabilized, this line 
is canceled of selection by driving selection Rhine low. This data electrical potential difference is saved at 
Node A imtil this line is chosen with the following frame. Since there is possibility of some charge leaks 
fi-om Node A and the voltage drop of unsuitable level is prevented while Nl is turned OFF, an 
accxmiulation-of-electricity capacitor may be needed for Node A. The broken line in drawing shows the 
connection method of a capacitor for coping with a voltage drop. However, such sufficient capacitance may 
exist in relation to the gate of N2 that the capacitor of such an addition is made unnecessary. 
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[0080] In what should be observed, the brightness L of OLED was proportional to the current I mostly, and 
its proportionality constant is considerably stable over the whole display surface. Therefore, if the OLED 
current decided good is generated, a display will become homogeneity visually. 

[0081] However, a pixel is supplied the gate voltage on not an OLED current but N2 by the program. TFT 
threshold voltage and a mutual conductance (transconductance) may present some initial heterogeneity 
crossed to the whole display, as the electrical parameter of OLED presents. Furthermore, it is common 
knowledge that TFT threshold voltage increases under bias temperature stress conditions like an OLED 
tum-on electrical potential difference. Therefore, these parameters are imuniformities at the beginning, it is a 
mode depending on each bias hysteresis of each pixel, and it is expected that it changes over all the lives of 
a pixel. If the program of the gate voltage of N2 is created without amending these parameters, a display 
will be uneven from the beginning and heterogeneity will increase gradually over all the lives of a display. 
[0082] This invention is the approach which the OLED current which the electrical parameter of TFT and 
OLED was amended and was decided by it good produces in a pixel array. The approach for amending the 
data electrical potential difference impressed to N2 is explained below. 

[0083] Drawing 2 and drawing 12 show the pixel array which has the VDD supply line arranged at 
juxtaposition at the data line. (In a desirable embodiment, VDD Rhine can wire juxtaposition in selection 
Rhine.) Thus, a pixel can share each VDD Rhine between two pieces or the adjoining train beyond it, and 
can reduce the number of VDD Rhine. Drawing 12 shows the condition that VDD Rhine banded together 
and was blocked around the display. There may be many VDD Rhine included in each pixel block 1200 like 
the total of VDD PUiine on a display at least as one. However, each pixel block 1200 includes in a desirable 
embodiment, about 24 VDD Rhine, i.e., the pixel train of about 48. 

[0084] Drawing 13 is the schematic drawing of interconnect with a display 1310 and a display controller 
1320. A display 1310 consists of two or more pixel blocks 1200. A display controller 1320 consists of the 
VDD control module 1350, the measurement module 1330 and various I/O devices, for example, an A/D 
converter, and the memory for saving a pixel parameter. 

[0085] Each pixel block is connected to the detection pin (VDD/SENSE) 1210 in the edge of a display, as 
shown in drawing 12 and 13. During the usual display actuation, the detection pin 1210 is changed to 10 
thru/or a 15-volt external Vdd power source, and supplies the current for turning on an OLED element by 
this to a display. Furthermore, specifically, each VDD/SENSE pin 1210 is connected to the p channel 
transistors PI (1352) and P2 (1332) and the current detecting circuit 1334 of a pair in the display controller 
1320. During the usual actuation, the ILLUMINATE signal fi-om a display controller operates PI, and 
connects a VDD/SENSE pin to a Vdd power source. In a typical embodiment, the currents which pass along 
PI are expected to be about 1mA / train. 

[0086] In order to amend the parameter of TFT and OLED, in order to collect the information about the 
parameter of each pixel, the extemal current detecting circuit 1334 is specially operated through a 
MEASURE signal among a measurement cycle. The collected information is used for the coimt and 
adjustment of a data electrical potential difference suitable for realizing a required OLED current during the 
usual display actuation. 

[0087] Furthermore, all other pixels in the measurement cycle of a specific pixel and within a pixel block 
are turned OFF, and enable it to specifically disregard the drawer of the current firom "OFF" pixel certainly 
by it by impressing a low data electrical potential difference (for example, below zero) to them. Next, the 
current pulled out by the target pixel is measured according to the impression data electrical potential 
difference of one or more pieces. A data pattern (that is, it is [ certain ] under block, and only one pixel is 
ON, in addition all pixels are off) is impressed to a pixel by the usual approach among each measurement 
cycle, data are impressed to DATA Rhine by the data driver circuit, and one line is chosen at a time. Thus, 
since a display is divided by two or more pixel blocks, two or more pixels can be measured by turning ON at 
least one pixel in each pixel block. 

[0088] The current pulled out by the object pixel within each pixel block is measured in P2 firom the exterior 
by driving on the level which connects a detection pin to the input of the current detecting circuit 1334 by 
P2 course while it separates the VDD/SENSE pin 1210 for ILLUMINATE Rhine and MEASURE Rhine 
from a VDD power source. Pixel currents are expected to be 1 thru/or lOmicroA. Although the current 
detecting circuit 1334 is shown in drawing 13 as mutual impedance amplifier, a current detecting circuit can 
also be carried out with other gestalten. In this invention, amplifier generates the electrical potential 
difference proportional to the current in an input edge in an outgoing end. These measured information is 
collected by I/O device 1340, and this information is changed into a digital format there, and it is saved at 
the calibrations of a data electrical potential difference. The resistor in the current detecting circuit 1334 is 
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about 1 megohm. 

[0089] Although correspondence of a pixel block and one to one has shown two or more current detecting 
circuits 1334, if multi-PUREKKUSA (un-illustrating [ multi-plexer, ]) is used, the number of cxirrent 
detecting circuits can be reduced. That is, two or more VDD/SENSE pins can be muhiplexed to the single 
current detecting circuit 1334. When extreme, a single current detecting circuit can be used for all displays. 
Although the complexity of an external circuit can be reduced if a VDD/SENSE pin is multiplexed to a 
detecting circuit in this way, the display measuring time becomes long. 

[0090] Since the usual display actuation must be interrupted in order to perform a pixel measurement cycle, 
pixel measurement must plan timing so that it may not interfere with those who see as much as possible. 
Since a pixel parameter changes gradually, it is not necessary to measure a specific pixel frequently, and a 
measurement cycle can be distributed over a long period of time. 

[0091] Althou^ it is not necessary to measure all pixels to coincidence, coincidence measvirement is 
advantageous in order to avoid the heterogeneity based on an adjustable measurement lug (delay). This can 
be attained by measuring all pixels quickly, when a display module turned [ "tuming on" ] on or "is turned 
off* off Although it will not become the obstacle of the usual actuation if a pixel is measured when a 
display module is "OFF", the saved pixel parameter has the fault that homogeneity may not be guaranteed 
any longer, in long "OFF" period. However, if the power source which is not interrupted is available (setting 
for example, in screen saver mode), while a display is "OFF" (from a user's viewpoint), a measurement 
cycle can be performed periodically. Of course, as the option of the arbitration which includes no quick 
measurement of pixels when a display module is "ON", when power is "OFF", it is required for the 
nonvolatile memory for saving measurement information to be available. 

[0092] If pixel measurement information is available, since the various causes of the heterogeneity of a 
display will be amended, amendment or the calibration of a data electrical potential difference is applicable 
to a display. For example, since threshold voltage fluctuation of a transistor and OLED tum-on voltage 
variation are coped with, a data electrical potential difference can be amended. Therefore, two or more 
approaches of amending the above and other display heterogeneity are explained below. If these approaches 
are used, even if some of [ some ] them have the cause of big heterogeneity in a display, a uniform high- 
definition display can be offered. 

[0093] In order to explain this amendment approach, on a display, it is assumed that it is what uses the pixel 
structure of drawing 2 . However, this amenchnent approach is applicable also to the display which used the 
pixel structure of other arbitration. 

[0094] If drawing 2 is referred to, the electrical potential difference saved at Node A will be the gate voltage 
of N2, therefore the current which passes along N2 and LED will be decided. An LED current can be 
changed by changing the electrical potential difference on N2. The relation between the gate voltage on N2 
and the current which passes along LED is taken into consideration. Gate voltage Vg can be divided into 
two of the electrical potential differences Vdiode which cross the gate pair source electrical potential 
differences Vgs and LED of N2 like the following formulas (2). 
[0095] 

(Equation 2] 
= ^ES + K/iode (2) 

[0096] The drain current of the MOS transistor of a saturation state is expressed with the following formulas 

(3). 
[0097] 
[Equation 3] 

1=4- - ^t:)' (3) 

[0098] Here, k is the mutual-conductance parameter of a device and Vt is threshold voltage (the actuation in 
the Rhine form field is referring to the following). Therefore, the following formulas (4) are obtained. 
[0099] 

[Equation 41 

V = -/^ * V, (4) 
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[0100] The positive current which passes along OLED is expressed with the following formulas (5). 
[0101] 
[Equation 5] 



[0102] Here, A and m are constants (Burrows other J.Appl.Phys.79 (1996) reference). Therefore, the 

following formulas (6) are obtained. 

[0103] 

[Equation 6] 



[0104] Therefore, the overall relation between gate current and a diode current is expressed with the 

following formulas (7). 

[0105] 

[Equation 7] 



[0106] Although other functional forms can also be used since the I-V property of OLED is expressed, 
according to the above-mentioned formula, it should note bringing about the functional relation from which 
it differs between gate current and a diode current. However, this invention can be fitted so that it may not 
be limited to a function form with the detailed I-V property of above OLED, therefore may operate about 
the diode-property of arbitration. 

[0107] The brightness L of OLED is proportional to the current I mostly, and a proportionality constant's is 
stable and uniform over the whole display surface. If the OLED current decided good can be generated, a 
display will serve as homogeneity visually. However, as explained above, the pixel is programmed not using 
the current I but using the electrical potential difference Vg, The problem is the point that the parameters Vt 
and k of TFT other than the parameters A and m of OLED cross all over a display, and present a certain 
amount of initial heterogeneity. Furthermore, it is common knowledge that Vt increases under bias 
temperature stress conditions. It is known that the OLED parameter A will decrease under bias stress 
directly in relation to the tum-on electrical potential difference of OLED. The OLED parameter m has 
relation in distribution of the trap in an organic band gap, and changes over all the lives of OLED. 
Therefore, it is expected that these parameters are uneven in early stages, and it changes over all the lives of 
a display depending on each bias hysteresis of each pixel. If gate voltage is programmed without amending 
fluctuation of these parameters, a display will be uneven in early stages and heterogeneity will increase over 
all the lives. 

[0108] There is actually another cause of heterogeneity. Gate voltage Vg is not necessarily equal to the 
meant data electrical potential difference Vdata. The gain error in a data driver, an offset error, and the feed 
through (data dependency) generated from selection discharge of Nl make these two electrical potential 
differences produce a difference rather. These causes of an error are also uneven, and it changes over all the 
lives of a display. The above, and other gain errors and offset errors are expressed with the following 
formulas (8). 

:0109] 

Equation 8] 

Vg = BV^av^ + Vo (8) 

[0110] Here, B and VO are a gain factor and offset voltage, respectively, both, are uneven and are obtained. 
If it arranges combining a formula (7) and (8), the following formulas (9) will be obtained. 

[0111] 
[Equation 9] 
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= Voff + C^/Y ^ D^fT (9) 



[0112] Here, Voff, and C and D are the above-mentioned parameter combination. 

[01 13] Since this invention amends fluctuation of Voff, and C, D and m, it offers the various amendment 
approaches which amend the data (input) electrical potential difference to mean, and enables generating of 
the OLED current in a pixel array decided good by it. Since fluctuation of Parameter Voff, and C, D and m 
is amended, the above-mentioned extemal current detecting circuit can measure from the outside the current 
pulled out by the information about each pixel, i.e., a single pixel. The information measured about 
Parameter Voff, and C, D and m is used, and during the usual display actuation, this invention calculates the 
suitable data electrical potential difference Vdata according to a formula (9) in order to decide a required 
OLED current. 

[01 14] Moreover, it becomes expensive by computer to calculate correctly four parameters Voff, and C, D 
and m from the measured value of a current, and complicated repeat count is needed. However, the good 
approximation which reduces the complexity of count can be used, maintaining effective amendment. 
[01 1 5] In a desirable embodiment, the ununiformity property of a pixel can be expressed as mentioned 
above using only two parameters instead of four pieces. When the current potential property of the pixel of a 
formula (9) is referred to, in the usual lighting level, the CrootI term about Vgs of N2 and the DmrootI term 
about Vdiode are the almost same magnitude. However, the dependencies to those pixel currents differ 
greatly. Since the value of m is about 10, in ordinary lighting level, DmrootI is the function of far weak I as 
compared with CrootI. For example, if I is made to increase by 100 times, CrootI will increase 10 times, but 
DmrootI will not increase 1.58 times (if m is assumed to be 10). That is, in ordinary lighting current level, 
the I-V curve of OLED serves as a steep slope from the I- Vgs curve of TFT far. 
[0116] Therefore, in ordinary current level, DmrootI is independent to a current and approximation 
[ fluctuation / for every pixel of the ] that it can only process as one offset error is performed. Although this 
approximation carries in some errors, the appearance of the whole display does not deteriorate sharply. 
Therefore, the heterogeneity of all displays can be processed as fluctuation of offset and gain in a 
remarkable precision. Therefore, (9) types can be approximated like the following formulas (10). 
[0117] 

[Equation 10] 

Krfata = y offset: + C -^fT (10) 

[01 18] Here, it is Voffset. = Voff + DmrootI changes Voffset and C for every pixel including DmrootI. 
[0119] Drawing 14 is the flow chart of the approach 1400 of initializing a display by measurement of the 
parameter of all pixels. An approach 1400 begins from step 1405, and progresses to step 1410, and an "off-" 
data electrical potential difference is impressed to all pixels other than the pixel made into the object within 
a pixel block there. 

[0120] In step 1420, in order to calculate target specific Voffset and specific C of a pixel, an approach 1400 
impresses two data electrical potential differences (VI and V2), and measures a cxirrent about each data 
electrical potential difference. 

[0121] In step 1430, the square root of currents II and 12 is calculated. In a desirable embodiment, a square 
root table is used for this count. 

[0122] Voffset and C are calculated in step 1440. That is, two formulas can be used for asking for two 
variables. Next, Voffset and C which were asked for the specific object pixel are saved at storage, for 
example, memory. If measurement of all pixels finishes, memory saves two parameters Voffset and C about 
each pixel in an array. These values are behind applicable to the calibration of Vdata, or adjustment using a 
formula (10). An approach 1400 is ended in step 1455 next. 

[0123] The current which passes along the pixel measured should note fully having to be high so that 
DmrootI may become almost equal in two point of measurement. As for this condition, it is desirable that it 
may be made satisfied by performing one measurement in the highest data electrical potential difference 
which a system can generate, and then performing measurement of another side in a slightly low data 
electrical potential difference. 

[0124] If initialization of a display is performed, the raw input video data supplied to the display module is 
correctable. The input video data should note being able to exist in various formats, such as for example, (1) 
pixel electrical potential difference, pixel brightness by which (2) gamma corrections were carried out, or 
(3) pixel current. Therefore, it depends on each specific format for use of the parameters Voffset and C with 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 10/1 8/2006 



JP,11.219146,A [DETAILED DESCRIPTION] 



Page 13 of 15 



which it was saved for performing the calibration of an input video data, or amendment. 
[0125] Drawing 15 is the flow chart of the correction approach 1 500 of the input video data showing a pixel 
electrical potential difference. An approach 1500 begins from step 1505, and progresses to step 1510, and 
the parameter saved about the object pixel there, for example, Voffset and C, is taken out. 
[0126] In step 1520, an approach 1500 impresses the taken-out parameter in order to perform the calibration 
of an input video data. Bias has not started an input video data, i.e., more specifically, it is expected that a 
zero bolt expresses zero brightness and larger data than zero express a larger intensity level than zero. 
Therefore, it can be considered that an electrical potential difference is equal to CO rootl. Here, I is [ the 
constant of a need current and CO, for example, a typical value, ] 103V/rootA. In order to amend the pixel 
fluctuation at the time of an input video data going into a display module, it is Voffset about each pixel. = 
Voff + CrootI is calculated based on Voffset and C which were saved. This count consists of hanging C/CO 
on a video data, and adding Voffset to that result. The division by CO is unnecessary if the video data Vdata 
is already reduced by fixed multiplier 1 / CO fixed. Multiplication by C can be performed by digital logic 
using direct or a look-up table. For example, in the case of the latter, each value of C specifies the table 
whose table entry is as a result of multiplication while the value of a video data is an index. (Or the input 
video data in a look-up table and the role of C can also be made reverse.) After multiplication is performed, 
rapid addition of Voffset is performed by digital logic. 

[0127] In step 1530, the obtained electrical potential difference Vdata, i.e., the input data corrected or 
adjusted, is sent to the data driver of a pixel array. An approach 1500 is ended at step 1535 next. 
[0128] In the case of the brightness data by which the gamma correction was carried out, an input video data 
is proportional to L0.45. Here, L is brightness. This is typical in the video data beforehand amended about 
the CRT brightness-voltage characteristic. It is L0.45=rootL, and since OLED brightness is proportional to 
the current, data can be processed as a thing proportional to rootl. Therefore, coimt can be performed by the 
approach about the zero offset electrical potential difference explained previously, and the same approach. 
[0129] Drawing 16 is the flow chart of the amendment approach 1600 of the input video data showing a 
pixel current, i.e., brightness. An approach 1600 begins from step 1605, and progresses to step 1610, and the 
value of the square root of the current measured there is calculated. That is, the approach 1600 is the same as 
the above-mentioned approach 1500 except being processed so that the video data showing I may generate 
rootl. As mentioned above, this operation can be performed from a pixel amperometry value using the table 
which gives the value of a square root required to ask for the pixel parameters Voffset and C, as shown in 
drawing 14 . rootl is again generated from a video data here using this table. 

[0130] Next, the data correction step 1610 thru/or 1645 are the same as that of the above-mentioned 
approach 1500 except asking for the data electrical potential difference which hung C on the input data in 
step 1630, then added Voffset, and was amended. 

[0131] Or in another embodiment, the imuniformity property of a pixel can be expressed as mentioned 
above not using two pieces or four parameters but using one parameter. That is, as the imxmiformity 
property of a pixel is expressed using a single parameter, it is simplified further. 

[0132] Furthermore, in many cases, fluctuation of gain factor C for every pixel is small, and, specifically, 
only Voffset remains as a significant cause of heterogeneity. This is generated when the TFT mutual- 
conductance parameter k and electrical-potential-difference gain factor B are homogeneity. In this case, it is 
enough if only Voffset of each pixel is calculated. If it does so, data correction will not perform 
multiplication (since it is considered that a gain factor is xmiform), but will perform only addition of an 
offset parameter. 

[0133] This single parameter technique is similar to the above-mentioned auto-zero-ized OLED pixel 
structure. This single parameter amendment approach should produce the display homogeneity which 
should be satisfied while reducing computer costs. However, in use of a specific display with very important 
homogeneous maintenance of a display, even if the complexity and costs of a computer increase, two above- 
mentioned pieces or the above-mentioned four-piece parameter approach can be used. 
[0134] Here, a display initialization process is influenced by format (format) of data about single electrical 
parameter extraction and data correction. The single parameter technique is applicable to initialization of a 
display, and amendment of a video data, when a video data expresses (1) pixel electrical potential 
difference, (2) pixel current, and the pixel brightness by which (3) gamma corrections were carried out. 
[0135] Drawing 17 shows the flow chart of the initialization approach of the display by measurement of the 
parameter of all pixels. An approach 1700 begins fi-om step 1705, and progresses to step 1710, and an "off-" 
data electrical potential difference is impressed to all pixels other than the object pixel within a pixel block 
there. In step 1720, in order to calculate target specific Voffset and specific C about a pixel, an approach 
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1700 impresses the data electrical potential difference (VI and V2) of two pieces, and measxires a cxjrrent for 
every data electrical potential difference. 

[0136] In step 1730, the square root of cvurents II and 12 is calculated. In a desirable embodiment, a square 
root table is used for this count. 

[0137] Since it is thought that the value of C is uniform, it should note being able to ask for it by performing 
two-point measurement in the location of the arbitration in a display ideally. However, since this may have 
the unusual object pixel, it may have a problem. Therefore, two-point measurement is performed for every 
pixel. 

[0138] The average of C is calculated in step 1740. Namely, the average of C of a display can be calculated 
by using the table for calculating rooti about each amperometry value. 

[0139] In step 1750, the average C is used from the amperometry value of each pixel, and Voffset of each 
pixel is calculated. Thus, small fluctuation of C covering the whole display is partially amended by coxmt of 
Voffset. It is desirable to measure measurement of the current of each pixel in the possible highest data 
electrical potential difference for the reason for the above. 

[0140] Finally in step 1760, Voffset of each pixel is saved at storage, for example, memory. Next, an 
approach 1700 is ended in step 1765. 

[0141] Drawing 1 8 is the flow chart of the amendment approach 1800 of the input video data showing a 
pixel electrical potential difference. An approach 1800 begins from step 1805, progresses to step 1810, and 
takes out the parameter Voffset saved about the object pixel there. 

[0142] In step 1820, an approach 1800 performs the calibration of an input video data using the taken-out 
parameter Voffset. More specifically based on the value of saved Voffset, it is Vdata about each pixel. = 
Voffset+Vdata A value is calculated. 

[0143] In step 1830, the obtained input data which was Vdata(ed), namely, amended or adjusted is sent to 
the data driver of a pixel array. Next, an approach 1800 is ended in step 1835. 

[0144] Drawing 19 is the flow chart of the initialization approach 1900 of the display by measurement of the 
parameter of all the pixels about the situation that a video data expresses a pixel current. There is a close 
resemblance between an approach 1900 and the above-mentioned approach 1700. The difference with the 
above-mentioned approach 1700 is the case where use the average value of C by which it was calculated by 
the approach 1900 having taken in additional step 1950, and the table of a zero offset data electrical- 
potential-difference pair pixel current is created. A square root operation is not performed by using this table 
in previous initialization and a previous data correction process from this point. This table is a precision 
higher than a square root function, and it is expected that the current-voltage characteristic of a pixel is 
expressed. Next, since this table uses it later, it is saved by it at storage, for example, memory. Next, each 
pixel amperometry value is used as an index for putting into this table, and each pixel offset Voffset is 
searched for. 

[0145] Drawing 20 is the flow chart of the amendment approach 2000 of the input video data showing a 
pixel current, i.e., brightness. An approach 2000 begins from step 2005, progresses to step 2010, and takes 
out Voffset of the pixel made into a current object there from storage. 

[0146] In step 2020, it asks for a zero offset data electrical potential difference from an input video-data 
current using the table of a zero offset data electrical-potential-difference pair pixel current. In step 2030, 
this zero offset data electrical potential difference is applied to taken-out Voffset. Finally, in step 2040, the 
input video data amended or adjusted is sent to the data driver of a pixel array. 

[0147] In short, if a video data is introduced into a display module, the zero offset data electrical potential 
difference corresponding to each current will be searched in a V-I table. Next, the pixel offset saved is added 
to zero offset voltage, and the result serves as an input to a data driver. An approach 2000 is ended in step 
2045 next. 

[0148] Drawing 21 is the flow chart of the initialization approach 2100 of the display by measurement of the 
parameter of all the pixels about the situation of expressing the brightness data with which the gamma 
correction of the video data was carried out. There is a close resemblance between an approach 2100 and the 
above-mentioned approach 1900. The difference with an approach 2100 and the above-mentioned approach 
1900 is a time of creating the table of the square root of a zero offset data electrical-potential-difference pair 
pixel current using the average value of calculated C in step 2150. That is, a video data can be made to 
approximate as a thing showing rootl. Therefore, the zero-offset table of Vdata pair rootI is created using the 
average of C, and this table is saved at storage, such as memory. 

[0149] Drawing 22 is the flow chart of the amendment approach 2200 of the input video data showing the 
brightness data by which the gamma correction was carried out. There is a close resemblance between an 
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approach 2200 and the above-mentioned approach 2000. The difference with the above-mentioned approach 
2000 is generated in the zero-offset table of Vdata pair rootl. Therefore, in short, a zero offset data electrical 
potential difference is looked for using the video data which enters, and the saved pixel offset is added to 
these electrical potential differences. 

[0150] In the above-mentioned explanation, it is regarded as that to which the OLED drive transistor N2 
operates by the saturation state. If N2 operates in the Rhine form field, the similar amendment approach can 
be used. In that case, the current potential property of a pixel is expressed with the following formulas (11). 
[0151] 

[Equation 1 1] ^_ 

Kfara = V'^^i^ + C(I)I + D ^JT (11) 

[0152] Here, C (I) is the weak function of L Here, as mentioned above, if a current is fully high to extent 
which should ask only for an offset term and a gain factor, a DmrootI term can be included in it at a Voff 
term. However, since gain factor C (I) contains the uneven OLED parameters A and m, the single parameter 
approximation which considers that only offset voltage is an ununiformity is not expected to be as accurate 
as the single parameter approximation about the case of the above-mentioned saturation. Therefore, if N2 
operates in the Rhine form field, the two-piece parameter amendment approach will be considered to be far 
powerful rather than the single parameter amendment approach. 

[0153] Drawing 23 is the block diagram of the system 2300 which used the display 2320 equipped with two 
or more active-matrix LED pixel structures 300, 500, or 700 of this invention. A system 2300 consists of a 
display controller 2310 and a display 2320. 

[0154] Furthermore, specifically, a display controller can be taken as a central processing unit CPU (2312), 
memory 23 14, and the general purpose computer that has two or more I/O devices (for example, various 
modules, such as stores, such as a mouse, a keyboard, a magnetic device, and optical equipment, a modem, 
an A/D converter, and the above-mentioned measurement module 1330). The software instruction (for 
example, the above-mentioned various approaches) for operating a display 2320 can be loaded to memory 
23 14 from a storage, and can be executed by CPU23 12. Therefore, the software instruction of this invention 
can be saved to the medium which can be read by computer. 

[0155] A display 2320 consists of the pixel interface 2322 and two or more pixels (pixel structures 300, 500, 
or 700). The pixel interface 2322 includes a circuit required for the drive of pixels 300, 500, or 700. For 
example, the pixel interface 2322 can be considered as a matrix addressing interface as shown in drawing 1 , 
and can include the additional above-mentioned signal line/control line as an option. 
[0156] Therefore, a system 2300 can be carried out as a laptop computer. Or a display controller 2310 can 
carry out as a microcontroller or the integrated circuit (ASIC) of a specified use, or combination of hardware 
and a software instruction. In short, a system 2300 can be carried out in the big system incorporating this 
invention. 

[0157] Although this invention was explained as what uses an NMOS transistor, this invention is realizable 

even if it uses the PMOS transistor which the related electrical potential difference reversed. 

[0158] As mentioned above, although the various embodiments of this invention were shown in this 

specification and explained to the detail, many modes can be taken unless the simmiary of this invention is 

exceeded. 

[0159] 

[Effect of the Invention] The homogeneity of brightness is improved sharply and, as for the display of this 
invention, the industrial value is high. 

[Translation done.] 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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(57) 

CIS®] mmmm<^¥^ytif-^:t~ Y'icmf^mm.<D^m 




1 

mi h^yi^-^^t. (2) h^y^^'x^cDK 

(5) a^mi h^^i^X^rcDV-XtC^M^tlfcy- 

(6) s^mi h^>'i?x^!<Dy-xjc:gggi^n/-cy- 

(7) ^mmAV'yyi^T.ifayv-T.t.mmsv^y 

[ft^]a2] BfriH7ts^jb^^«^^;5^-r:i--K col 
E D) -e^sw*^ 1 tciBic^OT'-i' x:/^-ro 

txfcSM h ^ Vi^X T'^ 1 Xt± 2 {c|2 

«(Ot'^'x:/Wo 

■tfn^-r :/T'^si»«]« 1 ~ 3 co^6in*HciBS(Dx'C x 
:/Wo 30 

[f»*« 5 ] < t-ocoH^^fililfcT'-i' xr 

U-YT'$)'5T. SKBI^ti, (1) — ooSJ^^-rV'x 

Smi h7>i^*X^?i:. (2) ^^^1 h7>i^X^cD 

^yi^x^fi:. (4) h^>5;x;Sf©y-xtc 
s^snrc^ifls?^, jS<r9-r:x'\©s«!ffl©m2Jig 4o 
^t^m-r^^^:t-h't. (5) mi F^i^i^x^KD 

y-xfcg!ig!?nfcy-Fi:, y-xi:, ^s^/"-r:i-- 

Fcom 1 JfS^fcgi^^tifcFu-ryfc^W'rsms f^ 

>->*x^i:. (6) ^mm3h^yi^x^(DV-xt\ 

i: c: ®t -rsx-f x:/ W„ 

6 ] MSB^f-r F 3 >v F + HT^ ^t-- F 
T'feSW«« 5 IcmmcO'r'f X:/ Wo 
Cf»^3H7] iit-ooH^^mfcx-i'X:;^ 

WT'feoT, ^KBigt*. ii^ mimsi^-(y^<D 50 
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2 

mmmr'&^f-ht. y-xi:. Fwyi:^*^^ 

m h^Vi^X^^i:. (2) ^M^l h'^yi^X^cDF 
W>A^g^i^^tiTV^smi«?ii. ^2 4S?i:%Wr 
^4^-\'>'^i/^i:. (3) :e--h-ifn^-r>"\<Djgi!fflT- 

^^y-hfc. ^Kmi h^yi^x^<D^^v~xtim 

iB!^tiTv^:sy-xi:. FW>'i:^*-ri.lg2 h5> 

->*x^?i:. (4) m2as?5-r>"\©g^MfflTfesy- 

hi:, SK^2 h^i/v'X^tDFU-Yytcg^i^^tlfcy 

-xfc. FW>t^W-rsig3 h^:/>'x^fc. 

(5) ^^^1 \>^yi^x^<DV-xic^m^rircY- 
ht. y— xi:, aK^3 F-5:yi^x^fCD±iey— xic 
S^?tifcFW>'i:^W-r§^4 h^y'>*x^i:. 

(6) h^yi^xsKDv—xic^m-^nrcY— 

ht. y-Xh, a^ms F^>i^X^r©a^FW> 

tcSigJ;jnrcFW:/i:*W-r SMS h'^yi^x^t. 

(7) a^4 F^:/s^x^i®y-xi:^^5 F^:/ 

x:/'Wo 

[iii*«8] m^^^is^mimyt^-f^-i' (ol 

ED) T'S5l»*«7{tC«®-r-i'X:/Wo 

[^*« 9 ] msss 2 mi^-( yi)mm^^<D^~ h 
■ifa^-r 7 x{± 8 tcssgo-ri- x:^ 

'To 

[M^S 10] il) 'Pti<t i,—0<D:t~ h ^Uit 

mmmmt. (2) mmyir-h-iiuimmmmic:i—h 

mmicmm-^tlfc:i—h-ifx:i^^yt. (3) :t-h-tf 

ii^clgi^^t^rcm 2 ^-Z ^iijb^p.^i.'r 1- x:/ Wo 

1 1 ] ^m:m^(Dmim:r.^}V^-^Mmt^ 

m^^^ts'PfSi< 1 ^@cDiii^^W-r5-ri'x:/w 
5x-T--y:/i:. (b) T'-^f^-r^'iSS-ex^-^^a^ 

HI|'\D-F-r5X-r>y:/t. (c) «#$nfc7*-^ 
CI»«Jai 2] MIB:^— HfDfbX-T'y:/ (a) ©M 

tctjfsiiiig*:/ u ^-v - v^-r 5 xt^ y r*H{c#t?if ^ 

« 1 1 {CfS«(D7^So 

im^m 1 3 ] MI2:i-- h -gnfkx-r y ( a ) 

-y U^;I/*9lAp-r 5 Xt^ y :^*#tfif 1 1 
Xttl 2{CE«©:^rffio 

14] < fe 1 ia<DlB^«rW1- 5 -r -r X 

:^w*jiya-r5;^rffiT-feoT. (a) ^^jB^^B^ 

^i9;t-'$i:^m^-r?>7.y-y:ft.. (b) JffJ^^nfeH 
fg.- ^5 — tJt {ca-:3v A;^®^ v=^— ^ ^liigf 5 X 7^ 
(c) ^S^nfcA:^B^-r-^'tcS-i!v^T^ 



(3) 

3 

cw«« 1 5 ] mm^T.y' :/ ( a ) timmmMic 

J;oT?ltffi?tirc®8S«nSi565fcSiJ^-r5iS«ai 4 

Cff*^l 6] mtimm^^y'yf (b) *V 
-byh (Voffset) ^^^^-^%*i6Sfci6, WteW^ 

•r§»*«i 4x«i sicmmcoysmo 

-r>^i!( (c) /^^^-^%«46^/iii). Wffipjs^n 10 

m^m 1 6 {cfB«®7jffi„ 

#B^*\ ( 1 ) m 1 aS^^'T i^'NOgJIggffly- h t , 
fc, (2) h^>i^Xit<D^mh'\y>fyiC^ 

(3) :i-~h-lfn5>r>'s(DgiS!ffly-hi:. S^Sl 20 

h^i'iyx^fcDaKy-xicgiSi^nfcy— X4:, 

t'Vfc^rW-rsSZ h^Vi/'X^t, (4) B2aS3^ 

sh'yyi^x^t. is) mmmi b'yyi^x^omm 

>v^X^to^^y-X{cjg«!?nfc: K W>i:^Wr5 
m4 h^yiy7.^t. (6) ^K^l h^Vi^'X^OS 

■rsms h^vi^'x^i:, (7) SK^4 h^vi'x^f 
cDy-xi:S^|g5 h^^i^'x^toy-xtA^ 

19] ( 1 ) wm.ommf^'y i—^ n^m^t 
5fci6©sij^*5;fjL-/i/i:. (2) ^wm^-^^rm^ 
^ ^ - *«#t- s fc4&©iaii«ia fc «#-r 5 7*1' x 

ri^^'nvhn-^t, (3) aiS«#*nfciBlg/l^ 
fci6s S^f*-f xywn^hD-^tcgjiK^nfc-r-f 40 

x:/u-i'i:*>efiKs->XT-Ao 

•rSfS«« 1 9 icfHKcOS^X'xAo 
[000 1] 



«fP¥ 11-219146 

4 

Wmm. t . tulBT ^ 7^ -1' h U -y ^ X^^^-r K 
Blg«jS<D{m:^a{cM-r5o fSi, *tti^{ii997¥9^2 
9BWPcOJKS^WISS^ 60/060.386 ^*;J:t>*1997^9^ 

zdsmmco^mi^iiimm 60/060.387 ^<D^9cm^M^ 
[0002] 

yz/ir^mm LTiB*^^*T-rST h U >y ^'Xt^^' x:/ 

t>^^7imm (tj^-fe;!/) 1 6o^*-r-5o ccof^-fx 

:/W{4, ^ijT'-^M^^ei 1 0 ^:tT-r-^fg*^S 
1 2 0«rrtS?LTl/^§o f¥»l{cfe/-c-pT{4. ^nmy'y 

MB^ 1 iH-fO^fl-^nSAV T^'T^-r :/v h U -y ^Xt* 
i'X:/'l^-rti:i3V>T{4. ^J^jroMSRlcHH^-r— ^'3b'«n— 
K^nSo -r**)*. /^'yi^:/vh'J>y^'X-r-i'X:/P 

T'feSj fciSff«:V^s!)V r^'-r-f-rvhU -y^Xr^-^X 
[0 00 3] 4?— ^fy;l/T''Cxyw. mtf^-yT'h 

-^t^wu m^ism^Bf^ T^yu-f (lcd) *5<i;D'%^ 

^^^r^t-K-r-rXt/b-l' (LED) J: ^ 

^ofco — ase^iti:. 4^-^f7;l'-7*-i'X7°W{ci3V^T 
a. •ri'X:/W^^5lffl-r§>1^-^r;l/$^X7^A(D«:'3 
^S5*tlL. ^tl{CJ:oT:il?-^:r;l/i'X-rAcD r^l^^ 

[0 0 0 4] LCD^c^3v^T^i. •T^7.yh"<(Dmm^ 

rBg<j -r§{c{4, iB^%ji;s^;&M)teS-e?^^ 

[0 0 0 5] 02tC, 2ffl©NM0 S h^i'i^X^'N 1 

i: N 2 ^W-rssejfeatlsor i^r-^ h u <y ^x L E 

N 2 fCilfiLT L E D^j^WrSo B^«lig2 0 0 

*fiML:rc7*-i'x:/wrfefiii«(±Rrt6i?*s*v si© 

iBlg<tiS-Z?«, < o*^©lgH{i: <fc t) 

[0 0 0 6]||-tC. L EDCDi!ifi{4^c;&il?>MM{C 

jt0ij-rsci:*^apjsnTv>5o isfflff. mmh'yy 

S^X^J N2®Hfit«JE*^KU7h-r5fci6LED%il 



(4) 

5 

[0 0 0 7] m— {C. r'^7.fU-^(Dmm<D^i^~ii.<D 
[000 8]||H{C. L ED«D«M6^>'^^p<-^fe^i^ 

x^fit^TT-ti, OLED (.mm^yt^-f^~\^) n^- 
[0 0 0 93 fi^oT. ii^«jfi«D r|gi!,h^>i;x^?j 

[0 0 10] 

[«B«A^»9!iLj;^i:-rSillSi] H^Wifi© 

WfioJ^— tt«es:s-rs led c^fctio l e d) Hig 20 

[00 11] 

[0 0 12] -Tftfc)^, ^^B^COM-Oggti. '>ft< 
tfc— ocoH^^Srd^S'T-i'XT'We^oT. SKH 
«t±. (1) ^l^»3^i'>^Og|^fflT'$.5y-h 30 

(2) h^^i^'X^OKUf i/*^gi^^n 

(3) ^-h-tra^-C>"\<Digi?fflT'fe^y-hi:, y 
-Xi:. h7>i^X^5fcoaKFW>*^g^iKS 

(4) ^zajR^-rwc^JKfflTfafesy-hi;, 

^ 2 h 5 >i^x © K w yictm-^tirc\f~7. t . h 
^-r>i;%wrsm3 h^i/e^x^ffc, (5) ^^^1 
h^yi^7.^<ov-xicim^tircV-h y-x 4o 
ass2 h^vyx^roa^y-xtcgfi^^nfcK 

h9>5^x^©y-xfcsie!?nrcy-hi:, y-x 
ais^a h^i^-^'x^KD^SKwvfcsgKstifc 

KW>i:**-r5m5 h^:xi^X^tfc, C7) 

4 h^>->*x^f(7)y-xi;^^5 h^>i^x^©y- 

Xi:*^ -73Offl^tcS3^^tXTV^S2{@c0«?^Wr 

§3tgsg i: A^efigs c t a t -r s X w x:f u-r fc^F 

[0 0 1 3] m 1 ®®g<D»* H/>«I«{C^V>T, iBIg 50 
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6 

Uliiti 3 ^ao h 5>yxif i: 1 ffi(D^<''r:i-- K*>e.^ 

So 

[0 0 1 4] ^ 1 «Sg<Dfl&<Di(f * LV^ffi1t^CfeV^T, 

[0 0 15] m 1 OS©©flfe®»* H/^«8mcfeV^T. 
V^l^M^So 

[0 0 16] *^Wcom2<DS©{i. 
[0 0 17] 

coo 1 8] 03(i, *^gS(c<tSTi'7^'r:7-rhy-y 

^X L E DMJR«ii 3 0 0 CDB&0T?a55o »S bV^USE 
g|«lfC:feV^T, T^'-r-r h 'J >y ^X L E DiBSS«lit 
SEMh^>i^X^f (TFT) , fftts^^j^U i/U n 
r X5/ y 3 Z/^^ LTfiF ?>nfc h 5 

>2^x^f*^^UTiiiSisnSo mm\c. «=SLv>ie6f5 

^fCfeV^T. T^'T-i' h U ^S'X L E DH^«^ 
mWmtSt^:*-Y (OLED) ^ffifflfSo 

[00 19] C<0H*«ii3 0 Oti. h^yv'X^JfHffl 
(V t) co^i^— 14*^:^^ < *^00 L E D^ — y:t 

[0 0 2 0] ia3?:#»t-r5i:. iii^«>13 0 Oti. 5 
<ScDNMOS h^Vi^X^N 1 (3 10). N2 (3 2 
0) . N3 (3 3 0) . N4 (3 4 0) fccfctfN 5 (3 
5 0) . n>T'>-9-3 0 2, *5j;t>'L ED (OLED) 

()ts^) 304 cytsm mwy^y^i 
otih^^i^x^fa 5 ocy-htSi^^tiTv^o -r 

-if •7-1' >' 3 6 0{i3>7*i/-9-3 0 2©— :)?0«B?tg 

i^snrvso :t-h-ifn5-Y>'3 8 o«h^>i?x;S» 

3 4 0®y-htC«Jg|^tlTV>So VDD^'r>'390 
*<h9>'2^Xif3 2 0, 3 3 0©KWMCgg^^nT 
t/-'So Hlg7'U'('rt<DM<OfT*^6)<0:i-— h-lfn^-i'>3 
8 2*V h^>5;>X^3 3 0©y— h{CS«i?nTV> 

So 

coo 2 1] M?T3b>e)0*-h^fn^-i':y3 8 2{ilg2 

<D:t— h -tf D ^-Y >- 3 8 2 2 (D^S?^^' V^&j^Jg 



7 

[0 0 2 2] =i>'r>^3 0 Z(D—DCOi^^li (7— K 
AtCfcV^T) h^>i?X^3 3 OOV— Xi:, 
X^3 4 0. 3 5 0<Dy:U-fyicmU-^tlXl^?>o 

S^X^3 1 0i:3 2 OcDy-h{C«fi^StlTV'^o 
>yx^3 1 0(DKU'r'y{ih'5>'>'X^3 4 0<DV— 
XtCgig^tlTV^So h^>->'X:Jf3 lots 

2 0 (Dy-Xf± L E D 3 0 4 O— ^^OSg^tcSi^SnT 
V^?)o 10 
[0 0 2 3] MiEcD<t^tC. fif«LEDT''i'X:/'WtD 

ig»i?ni.o rtsit)*,. m,tE<Dm^it. led^-^* 

[0 0 2 4] M{t. «e3l50ri"ri':^VhU-yi^XffiS 20 

f^^- x:/n'{c:fcv^Tffiffl^nfc??Stcffiii>T!l^m-rs 

^n§c ^(7)^*> *%B^07='^' x:/ w«ji{i. mk 
(DntmcDx^^-ricMU 9\-ni>fxi>mmx't,ms-r 

[00 2 5] 2|s:^B^©H^{*, 5 fflcD T F T i:. 1 fflco 

n^f'yy-i;. L ED t^mm-r^o TETcomma. 
tfcae-T'^^Tfeo. iKDctit^^commhEDiz. 

tcTii;Q:<. V-XfcM^^nSo #7^-f X:/U-i'£D^J 
i:, l-l/2^J5-t'>' m(Dmti^ 

m 4 tc^fo HiS 3 0 0 ©fiFi6%OT 3 7 X -X, -r 
fc-&3fig|siT-PxE-rSo 

[0 0 2 6] l|-7x-XtiyU^-V-5;^:7x-X-p36 
So MffS 8 2©:i--H?P (AZ) ^'l'>'±©iE<D/^ 

/i/XA^F^vs^x^s 3 0^ r:t>j ^^:L^ iB^oy— 40 
^®'^-x^-r>'ffi3b>6i£ftu ^-eo^-x^-r:^ 

[0 0 2 7] ^-7x-X«:i— h-lfP7x-XT-* 

m^(Dn<DAZ'y-f>tSELECTy^yiiilS< 
F7>i^'X^3 4 0, 3 5 0;& r^J-yj tcL. h 
■7>->*X^Nl 3 1 OcDy-h^&gSfcU ^-i^:t> 
^JI'NireS/WTX^&AHt, L ED^C«§<t)•r*^-B:« 
m^mto <l£07x-X{C*3V^T, L E D©^»— 50 
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So N 1 i:N2i:(ic*<g^)£LTEB-e#i)«D-z?. 

^<Dmmmmnmmi6xmi&iLx\.-^^o Mtc. cne. 

/WX«DiHi«JE{±T F T©^#^{Ct>fcoTiil«e-rS 

y-h±fi:«#^nSo ^^--F-lfnfkcD^TtS. Ji--F 
■^fn^-fMin- (low) ^cM5^:^^ mSi'y^yitf^ 

^ (high) ©**-efe§o 
[0 0 2 8] lgH:7x-X{ix-^»^iX^^i>'x-XT' 
feSo 7='-^{i^-X^-r>'«J±*a^S«Ei:LTx 

r/'^XLED^f-^^i-^SJE. T'^XNZtDliMaEE© 

[0 0 2 9] M-rstc. :t-F-ifn7x— x©is. wm 

Wi (trickle current) *^fflLT, LED<0^~>!ir 

#?nSo c F-{fn 7 x-X«. *Sfi^{c{i®[|& 
«8il*^ffii6T/jN?V>«j^t|gi6^-FCDf^i&T'SSo 
F -tf n :7 X -XO^©»^ jA^i^ ^7 X - Xtc ;^ o T«346 
•t, BlAo^tl/c'T-^fliffi^^ffl LT L E D icm^i}'^^ 

^6.nso iJ^oT. m&m.m'^rcitmmMm 

tA^W5l5So /N'i'T'U-y F^75rffi{i. «i±|g»*3j;tf 

SfetD-eSSo LED(D^->:ty'mmtT E T(DmiM 
^tXSo H^tC. y'^X'/U^±0:)-t^X(D'^'^yitm 

mcj^-oxm.m^ti^<DX\ ismxsmt^cttfim^ 

So 

[0 0 3 0] iim^^-ltic. -r-^^-Ti^S 6 OtcBl 
iP?nS5*— ^'«JE©li^J-{i, LED3 0 4^f*:tCt>rc 
oTifiSanS©'T?««:<. N2 (3 2 0) fcLED© 

VgsHfc^r^SiJ^nSo coil i:{i*{t, T^-^rWffijb^e. 

L E DSffi'VtDlfitaSO-r -y If >^*<feS<l fc«:itl5fe-r 
So CtDVy tr>'^ftt, LED«E*^e)LED«8S'\tD 

L E D«E's(D^{*:£DeSMa^%^f S*\ Ctlti* 
WP. ±Sl<DJ:5{C7*wX:/b-i'0^^tCt.rcoT^ 
«LTV«So 

[003 1] 3Eifi©HSg«3g3 0 0©fij^{i> IS8«3b'<ffi 

iE^n^V''(ii*{CfettS F^Vi?X^ (N3, N44i5j: 
t;N5) *^7U-Afefc»3 l??iMWcD*^^>'i;:^srca6 
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[0 0 3 2] 3iS?/^;l'Xi::t— h-Ifa (AZ) /VVXlt 
ffX*-v^{Cj;c.TJgfi!c?ns<, ^iJ-r'— ;Jf{i:AZ/^;l/X 
|BI±Fa(0^f-rAXn-y h{i:*5V>T (ffiS<D) — X 10 

So ifijg-9-y::''7i/- ^f-rt/S retina '"jy-f- 

^ r<Dv^-rti*^<o=sa(D5i.{^j-tts fctii'3ja©5ijx4^-\' 

[0 0 3 3] ±IB(DiS^«JS{CJ:ntf, ^«|L E D^fil 

fflbT:»c^<Diam7'-cx:/w*jt5<ifc3b^ta3RSo 
x:fL/'rsjs«^ffl-rsfflt©X'rx-rb-retB{cfe. 20 

[0 0 3 4] lasti. *%H^{CJ;S7'^7^'f :/vhU-v 
^ X L E DH^Itjg 5 0 0 LV^||J6^1t®BSiaT- 
feSo C©B^«ji5 0 0«, 0 3tD®^:Pia3 0 0{C 
afKT'feS*^. C:c:T'{±2fflC0h5>'i?X^(7)f^t>*){C 

[0 0 3 5] H^«3i3 0 0*^W-rS^ffi14<DSS^«:^ 
3fcLT. lia^SfcO Sfflcoh^Vi/X^^ffiffl 30 

h^^v/'X^JJ^igfflLTl^.SCDT*. Bi^<D:7^';l/7r^ 
^ (fill factor) (Z^'-t^i' h^&jl^jf^ h A 
fiJ«(W^S^LT) *3j;tf^(DlK^ (yield) (cfei^S 
^&l?-rWtg1±*^fe§o tJ^^T. iB^;Kii3 0 0{4. 

VS^X^SC^S^BA^eS^BtcSSLOO, ao±Etig 

[0 0 3 6] ia5lCfeV>T. HIS5 0 0»43<acDNMO 
S h^^e^X^^N 1 (5 1 0) . N2 (5 20) , N3 40 

(5 30), H@<D3>f*>-9-5 0 2, Ha<DS/'3 <y h 
4^^<'-l':t-K5 4 0, fej;CfLED (O L E D) 5 50 

(JtSiS) *^6fi!c5o ^^-r>5 7 0tth5>5^X^» 
5 3 0<Dy-hfCgg^^nTV^So x-^'^^'i/5 6 0 

(in:/f'>-<t5 0 2©-:j5r<D^^{c:gg^$nTv>5o 
— Y^u^-^y^ 8 oiih'^vi^x^s 2 coy— hte 

«rc;jnTl/^5o ^iT^'f'V (VDD^-OfC^Sm) 5 
9 0 \t.y 3 -y h^^^f-f^j— K 5 4 0 <D— ?3<o«S?{«:gJi^ 

[003 7] :3 yry^ 502 ©-JJCDfflS^^ti (y- F 50 
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AtCfeV-^T) h^>i?X:Jf 5 2 Oi; 5 3 OCDKL'-OIC 
SM^tlTl^So h^yi^'X^Jf 5 3 OtDV-Xfi U — 

KBtCfeV^T) h^>->*X3f5 1 Ocoy-htcg^i^^tl 
TIz-'So h^yyx^S 1 OCDKWXihvVv'X^ 

5 2ooy— xt, ->3 y h4^^^''f3^— K5 4 o«— 

[0 0 3 8] SB^«jt5 0 0t, TiacoJ;3{i:, 

[0 0 3 9] m— :7x-X{47'U^^-S^7x-XTa& 
So :ru^-v-2^t±, h-Jfn (AZ) "y^yt^Vy 
>2^X^N 2 U iaR^>l'>5b<h9Vi;'X^iN 

3«:t>{C-rSi:Mjl&2nSo <1<D:7x-X«, x-^f 

A f: B {cfett 5«EE{i h 7 >y X N 1 © K W > i: 1^ 

[0 0 4 0] m— 7x-X{±;i— h-ifn^x-X-x?^ 
So ^^*T^-r>'*<7-X{cS%So Z.<r>V:x.~X 

TW±(D-r<T©iBlgt±^^raBg<:5:So 
T\ i^a >y h4^:5^-f':i--K5 4 0A^h^yv^X3?N 1 © 

h'u-fy^. T-x-^nrcmT^^yi}^ibmmi.r. n 

l(D:t-h-ifnfb*^5&SS„ y-FB3!)'Sh7>~yx^N 
1 ©ISffl«ffiyvXL E D 5 5 0©^— 
(^^LV^«iI^cM■rSi:, AZ^-f'>:Sr{^fflLTh'7>' 

So 

[0 0 4 1] x-Xax-^f»#ii5!^^y x-XT' 

feSo ^Xlc. ?Ti tcKfSx-^A^T'— ^^-OtcgiAP 
«nSo y-KAtBtc^fettSWJEiSA^ 

s.tLED<os'~y:irymE(ombti^miEf£n?>o 
KB^c*5^ts®E*^«•5«^^fc^, fr i {cM-rsaw^ 

7*-tJf«ffi*^iBlflfcffi#^nSo 
[0 0 4 2] tt±, ^fciS'^feS h^>i?X^iSlROfiJ 
j^^Jf-^OOt, h^:/5;x^»t©ii>;S:V\ OLED-r 

'CX:;^Wffl3 h'7>s^x^JHlfl{cov>TiKWb/'co H 

:5:SfiJ^i:LT, 5 F'^yi^X^rMJgJCtt, i(c~y^u 
fbi; L E DIK^i:{cgij>«r©F7>s^x^J«:ffiffl?nsc 

t-efeSo iB^3 0 oA'!jiwcfti!;-rsfctt, (itie)2 



11 

^:yiyX'$i(Dj^olO T F T ra±cD K W >'ttff *^Sv> 
{ca^Si:, MTFT{i|pl1i{c«FU:7hL*t/\ tJ^o 

[00 4 3] 07{±. *^Wc<t5T^7'-i':7vhU>y 

L E DiBig«iJg7 oo<DKmmmmm<DmmT'& 
So c cDB*«ji 7 0 0 ms (Dmmmis. 3 o o tc^ 

[0 0 4 4] -r^tJ^^ ia3{Cfcl/^Ts yi-—h-ifuit 

data*^^"^*^- y-KA{caA^n«Sm^ (1) 

[00 4 5] 
[Stl] 

Qpo = Q«aC^i>i) - V>i>> (1) 

[0 0 4 6] CCT-Va^^ :/U^-\'-i>*7x-XA^jl& 
^?.*ucDy-KA{Cfctt§«)E-efeSo Va«> ffi^3 

0 ofc^i6-§^^e.nrcT'— ns (3oo) <DBiffl« 
Jl> fcJctf L E D 3 An^—y-^ynmcisM^ty. 

«T\ Qpcfel 0\£=ii/—ny (picocoulomb) SAt 

[00 4 7] mm 300 A^S^Lfc:^— h-tf n U^MC 
^^tt. QpC«i^— h-fe*n:7x— Xff^ Nl (3 0 

0) t L E D 3 0 4 t^m-Drm.ti^o ^-h-tfn^pg 

(-rv^/^;!/) (i^l Oft sec) . N HCti 

*±|5|oT:t-h-tfnfb-r5o c:cDJ:5{c, h-l?P 
^^:r^•bx^^:^5^^T^i, y-FAi;y-KB-p. X©-lf 

[0 0 4 8] ffiB-T'^^iliitt, Nli:LED*a5iE 

T, a^ssss o-^-yri^^T) «n i 300 

ilLED 3 0 4 i:;&jloTijS-rci:£Dm3l5S:i— h-l? 

1 0 /xsec-e$.ScDT> Qpcf4*^0. 1^3 

i^-uymmmfrx'&^o ±ib©j;^(c, Qpc««?)i 

Ot!3^-D>T'$)i.o 

[0 0 4 9] ccDj;-5{c;^#^QpcCD5?/j»i:Lr. iS^ 
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[0 0 5 0] LA^L, ^Li>QpQt'^±^l^(D^rj:P,-f^ 
#T-P{i, H^3 0 OCD:t-h-tfD{t(C<fcoTl^— :ft-7^ 

CO 0 5 1 ] c<Dmmicnmt^rcib. mmi o oitf 

20 46, Qpc»*OS/|>itt. *?I0. 1 tfn-J'— D>i:3S:So 

[0 0 5 2] 07^#M-r5i:, iSJR7 0 0{i. Smo 
NMOS h^Vv^X^. N 1 (7 10). N2 (7 2 
0). N3 (730). N4 (740). N5 (75 
0) ny-xV-9-7 0 2 i:. LED (OLED) 70 

4 (.nrnm) mvi'y^yn oitVyy^J 

X^7 1 0(Df-V\cW^^nx\^^^. 'T-^'y-^yi 

30 6 0 (in ^T^y-y- 7 0 2 (D-y5(Dm^izmm.-^nx\^^ 

So ^— h-<fn^-r>7 8 0(±h'7>S^X^7 4 OCTjy 
— FfcS^^nrV^So VDD9l'>7 9 OtihvVv' 
X^7 2 Oi:7 5 OCDKWi^^i:g^i^^nTt/^So 
T]y-ffH(Dm<Dni3^^<D:^-h-ifa'^^y7 8 2 fib ^ 

y-yxst? 5 ooy-Mcg^^nrv^Sc 

[0 0 5 3] ^SIRatCiSV^T. W<OfT*^e.cD:t- h-t?n 

40 7 8 2*fiJffl-e*Si;3*^-i'5>yfcLT. SifiEODB 
SR©tg!i«? 1 3 X h %ffiMf S C t *^m5lE5o 
[005 4] =r iz-r 702 <D— :75r©4ig?« (y — K 
AKfcV^T) h^>S^Xif7 1 0<DKU'<>'(CggK$n 
TV>5o h^>'S^X:i'7 1 0©y— Xa (y-FBJ«::fe 

l^T) F5:/S^X^f7 2 0. 7 socy-Ftcgji^^ 

n, h^Vi^X^ry 4 0©V-XfcSigg^*lTV>5o h 
7>i^X^7 4 0«KU'l':/t± (y-KCKiSVT) h 

^Vv^X^f 7 5 OtDV— Xfl F^^i^X^ 7 3 0<DKI^ 
-fXCgigS^nTt/^So SfttC. F^Vv'X^' 7 3 0. 
50 7 2 0 <D V— Xti L E D 7 0 4 O— :^r©«i8?(CSi^?n 
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. [0 0 5 5] SfCfti^WtC, 11^7 0 0«. h^Vv'X 
(7 3 0) OFl^-YyT'^^y— KC:c7'U^-\' 

-i^mmt'^wm-^tx^ c t\:Amt. mm 3 o o tcisiH-r 
fe^So wTtCs mmi oo(orfm^3yau~x<D&!^ 
[0 0 5 6] m—yj^~xiimo:)^'0-S'^i.'p. -r ^ 

t) t. -r- ^ A^mfcDfTO Blip ? n i> M {c t> tl^ 

feSK. tf}<0ff^>r>'3!)>&<D:i-— Hfa9'r>7 8 2± 
coo 5 7] h9>'S^X^fN 1 tN5<D;i->'x ^7cDta 20 

- F c ^mx^nrcm^i)'' f ^vs/'x^^ n a ^igr u - 
[0 0 5 8] yv^^-i^^yjL—XiDm. mMQpci±y 

F*fy-X/ F U-Y >04^-v>'^i^3f>X±tc«#^n 

0 f F) . $fc, :/u^-\'— :^^PB*V-Fc^«*ji 0 

v±m^^^cDr\ QpQii^w. mo. w^u^-uy 

:t- h -If DWEtCj^-r SjfifttHatC^ o T^ftf §SiJ^ 
T\ :a--F-lfP7x— XcDMtcy— FC*->e.U — 

jefSA^irV^odit^^-^, Qpc^O. 1 t?3i'— 

Qpc«^-<DS:*:ffl(i:g«5«-r-pa&t), :j--h-tfn7x 
fi^ii Q pctt*- h -If n 7 x-X*^ji6* S S T-ttt 

[0 0 5 9] F^Vi^X^jTN 1 i:N5 0tiitWif-r5>' 

tDF^Vi^'XtJfN 1 i:N5(ill^}C:i->'i:$n5o Nl 
»N5<fc<?W{c;i-7i;?nS*V iintcj;0, /— FC 50 
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d i: J; -3 TS«W{C# LTtf ^n^cy - F B «ff {cj* 

fS-rSo iin{i:.i:o. y-Fc*>e>£OQpc<^)U— 

[0 0 6 0] g-rsie, ■«7 0 0{i. 3 0 0 tctb 

LTi FHf n<t:*pit6{c-rsia«<Dyu 

^I'-i'^S^SiW-rS^ Hlg7 0 0CD;i- 

T'{i. ia^7 0 oti. ^^--F-tfnfb^^S^T-feo. i 

0 . 0 0 0 nmo:>^mm^(D'^mm\zir3rc ^ t($j?-s 

(DOLE D«iifi*f7^-;5'«)E#14%*tJt-r§<l 
[00 6 1] 09{±, *^W®ffi(D|li6S^«'P&STi}' 

•r T'v F u y L E nmmmm. 900 onesT'S 
So B%«i]g 9 0 0 (J;. 07 (ommm 700 tciim l 

T^■'S*^ iiitacDVprecharge^^>'9 9 2^<ii^, L 

iBiS©#fj^t?!&^*5fe»-rSo 
C0 0 6 2] JJ(±IliWbrcH^ (2 0 0^ 3 00, 7 0 
0) a, Vdd*^7'U^-V-S^a£ET?SS©-C, Hf 

So b*^L. F5yv'X^N2i;N3(Digffl[«flE3!)^F^ 
Vv'X^J'W^^m^fCt^rcoT F U 7 F L. T F T F U 
7 F BJEE i: O L E D ^ - ^-^e- VWJE® F U 7 F ^ISlE-r 
Src46. F-tfn«ff;£Vdd<fc^3i«<"^Si^^^*'«*i; 
S^lciiM-rSo :^—F■^f^«ff^i. <tf)i«t/^«JEtcSiJ 

^■rs<ii:{±m3^;&v^(7)-e. v^^'X7'w<Di§— tttim 
Vdd*iS<-rn{f> j:?3ia;</^^-F-ifDitjE*Mfi!cT'# 

S*V Vdd^iOL EDffilW«gT-ta5S£DT% /^7-5ft 
[0 0 6 3] St^> /^y-^^WE&efOfcii, Vdd^T 

tfr F^vs-'x^ N 2 ^^-fymmmx^^Wi'^^^t. 
^■<D«i: 5 fc-r s fcfiaa«8i-e#»i?-&fcii^ J: o n 2 * 

:t-F'*?naBEttVdd*??lSv>L/'^;l/{c?iM-rSi^ 
[0 0 6 4] 09*#J!gTrSfc, 11^7 OOfC. :i--F 

nTV>So H^9 0 0«, ^J^-l'>'9 9 2*^jiiP^n, 
^tib^V'yyJT.'^Q 5 0OKW>Cg!i^^tlTV>5 
IXntt, B^7 0 0 tl^C-^feSo 

[ 0 0 6 5 ] ^J'^'O 9 9 2 DC «jBE V precharge 
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tlTV^^o V precharge^ V<jd<fc 5 l'^MC± 

1/ ^^JE u ^ -\' — i^^tT* V h -if a fbf s c t 

[0 0 6 6] ^Vprecharge^'^^9 9 2 It. Bm©BI 
S-r § ??|J i: pItgT'$) § c i: tea S -r T'fe 

So CCDVprecharge^-^^t*^^-- ty^'-fytLXM 

[0 0 67] m-r^lc. =i--h-lfnSEE<7DiEH^Vdd* 

i: ^ So c <D^«Blg 7 0 0 tco 

±teiB^2 0 0, 3 0 0%#». ■?-tl6K:ffiP);a:Vfa<D 
[0 0 6 8] ±ie^B*«ig», OLE D-r-CXr/W 

[0 0 6 9] ^-t^A^e,. — HcM-t"-^ K^-T/^ti^ ^1- 
5o <ltD:^-7-b-y h^Mli^i^— . "T^t)-^ D C U*^;!/ 

[0 0 7 0] lai Of±, nVy^^VX^ 1 0 2 Oi&/ML 
Tt^-^K^-Y/U 0 1 0(cSig!$nfc*«W©Ti'-7^ 
^' h U -y ^' X L E DB^^jg 3 0 0 cOBSSTfeSo 
*^B^(i. OLE D-r-cXrWfflO— f*^x-^7.4^ 

^:)-{cfcit5;i-7-b<y Yw&nm&^mniwmf^o -r 
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«!?n, ^fOit±m<rm^ 200. 300, soo^s^: 

tf 7 0 0 to J; 5 h -If P -7 x-X^*-r SffiiS^M 

t tcftl&f S* 3 fctgtf-^nTv^So 
[0 0 7 1] lai 0^#M-rSii. ±fH©H^3 0 0 
14, OL EDS^(^)WJS^ffiS■r§fc46B»^^:T•:^^y 

S^t"i>fe46(75^3 -yl/h • 5 (chopped ramp 

technique) ^j^fflfS-r-^? F^-f/^fc J;oT|gi!)5 

10 z.(OTyn-=f- mm) lat. •r-^'5'<>±{i: 

(slew rate) i^lgT^ft-ri. "T^ttA^^ 
ll»{C<fcoT«^^nTV>So *7-fe-y hP^tt, 

[0 0 7 2] *5lw^c*3^/^Tt4> mmii^^n^i*i<Dpim 

[0 0 7 3] -r^feW, c:n{±IIIS«7'-^f«BE*93SP 

jp:/^ >y ^ L-^^i/^&KS-r S c i: tc <t o TBfiSc? nSo 

B^co:t— F -tf X— Xfi^tcffito^ ns <i©s*:r^ 

'T—^'yl/y (data ramp) a«JEJtt!?ggtc J; o T^46 
30 P)nS^ra{i::}3V'>T^3 >y >^^nSo fifoT. B^on 

^-y<^l^-<;l/{c:t:7-b>y hKli«JE^>^^XLfcffi^-<± 

[0 0 7 4] ^aymkit. ^3y:fh '^yy^^m-r 

a^-C-FX/lz-fCjc-pTSI^-rSo CcOF^Vi^X^f 
OlBfflSffi^KKi, ^3 <y :/F • • -x-^ • X:^ 

[0 0 7 5] tJfoT. cn{4ra«i(cffl]E-r#Sc r^^^^y 

ii^tiSo — fT^O-r'^T<DB**^l^^{i::t-F-trDft-r 
^<DX. C<Dy'y^yi;U^Mi. "7 -C^^t ^ KM^i^ 
50. •r'^T©-r-3r^J(CRmcStji*nSo r/^'^i'U'^ 
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[0 0 7 6] -r-^ K^-r/^^M*ffiiEf Sfc*©*^ 

CO 0 7 7] ±EM^T«s v*-<'X:/W®»R©^t5 
<fc o T^l^-tt*ffliE-r S c A^tHJtESo J: 

[0 0 7 8] CCDJC'^tc^ J.XT©»iWcfev^T{i> 02 

:n^— ~>a >'iH]SSi;:^}S{i. ±iBcDH^3 0 0; 5 0 

0. 7 0 0^-&*, Ctie.{C|Se,:&V>flfi£OB^^tii{Cfe 

tHC^-:>X7^-<7.-f\y-f(Di&mty^)lyyT'^^ (fill 
-factor) ^mmS-^^ H ttim?^^o 

[0 0 7 9] 0 1 2ti. Hlg2 0 OCDTW (ft-g-) 
ffiSiSi^bTiii^-ra'y^ 1 2 0 0 i: Lfcmi^CDV&mV 

{c^i^^nSo N 1 *^;i-7fc^nTV'Siafc:, y-KA 

-<;KO«ffif^T*R§<'/c:i6. 7- K A{^:g«Di/■r:y^^■ 
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[0 0 8 0] aa-T'^^CillC. OLED(D®*L(i. 

[0 0 8 1] L*^L> :/D^^^Afc<J;oTB^'\«^^ 
tlSOfi. OL EDffi8STii:&< N2±cDy-h«JE-T? 
feSo T FT|g{iiajEttaSn:y:5f>r^i/x (transcon 
ductance) {±. O L E DcOffi^fiq/^^^— ^A^M^rS J: 

m.t^^mit>^h^o Mft. TFTgifil«Eti. OLE 

[008 2] *|SIWf4, T F T t O L E DOSSCW-'^^ 
[0 0 8 3] ia2i:iai 2{i. -r— ^^-YVfcM^JtCgB 

B^nrc V D D^^-r >^^t^mmr v^^tts-To 

B^*^ 2 fc(4-?-nW±OB5S-r S^JT'# V D D 

01 2(i. VDD^l'y*^7'-('X:/lx-i'OjlHT'i^ 

1 2 00{C#tnSVDD'7l'>C0»{i:. l*i:i!'^^< 

<T«,<fcV>o b*^L. »*LV>ll«l«l»fJ:fcV^T, #B 
5Rrn>y^ 1 2 0 0tt, m2 4:^<DVDD'y^>. "T* 

[0 0 8 4] 01 Sfi. f'-fXt/Wl 3 1 Oil-r'-fX 
yu-i'ni'hn— 9 1 3 2 0 i:<D*iSSi^coi«&0T?* 
So -r-rxrw 1 3 1 0«1gi!i©B^:rny 1 2 0 

0*->6^So •r'('X:7^U'j'n>hn— 7 1 3 2 Oti. V 
DDn:/hn— ;l/ti^jL— ;l/i 3 5 0. aO^^S^a— -'l/ 
1 330, feJctfS'^tDI/OT'/WX, m{fA/D 

[0 0 8 5] ^B^:/n-yi'{i. 0 1 2. istc^fJ; 
^tC, •7'-fXrW©«SfC:fcl.>T«iat!:y (VDD/S 
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ENSE) 1 2 1 otcgg^^nri^So mnnf^T.'f 

V^i'm^. «ia]t!>l 2 1 0«. 0:5:V->L1 

^Km^-t^o 'M.Kmwmai., #vdd/sense 

tfv 1 2 1 Ofi, v='-i'x:/i-'-f'3>'hn— 5 i 3 2 otc 

fcV^T, — ^^cDp^-lrV^/VhvVv'X^P 1 (13 5 
2) P 2 (1 3 3 2) feJ:7>*Sgi!l^ailH]i^ 1 3 3 4{C 

— ^A^P>C0 I L LUM I NAT Efl^Jb^P 1 ^{'FW^-y: 10 
T V D D/ S E N S E tf V(jd«ig,{cSig!-r-So AS 
W^llJ5E«mc*5V^T. P 1 1 m A/91J 

CO 0 8 63 TFTtOLED<D7^^^-^t;&MiEf S 

?>mm^isiM-t^rzA. me AsuRE«^*/^LT^1. 

ffl^tlSo 20 
[0 0 8 7] lUcmWmKlt. #^<DHIg©S!lSU-'r^ 

ffiv^7*-^»«JE (0iJ^{fHfnJetT) «aiAn-rsc:i:{i:j: 

-r-z>mUtti^o c«J;^{cLT. ■r-i'X:/U-rA^«IS 

[0 0 8 83 ^mM':fvly^fHo:)Mm.mmc^^^x^\1t 

a^tlfcflMti, I L LUM I N AT E^'T^'ilME A 
SURE'^'T^*. VDD/S ENS EVf>l 2 1 0* 
V D D 6« *) Sir i: i: t {c«mi t! P 2 SST? 

mmk^mts i 3 3 4 ©^r >fy h tcmmt^ u^mc 4o 

Igibt- 5 c t <fc o T^gPsb^ e> P 2 fc v^TilJ^^ n 

«o io^gsti 1 1 0 /t A f^m^ti^o wmk 

aiilK 1 3 3 4{igl 1 3tc:fflS'i':/if-:jr>xii*iSgi: 

^nfcltffifiv I/O-rA-rx 1 3 4 OtCcfcoTiK** 

ti. ^cx'C(Dmmt7'^i^^fi'mmc^m-^£ti. -r- 

ass 1 3 3 4 rt<DfitixS«iS«J 1 ;<f:i--Ar'fe«o 50 
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[0 0 8 93 m&<Dmmjtmm!^ 1334 *^s5:/o 

(multi-plexer. ^0^) ^ffifflftlti*. «!t1^*Q(HlSS 
SENSE V^#-tO«JjS1^S]|5I!K 1 3 3 4 ic^Mit 

±-7=vx:/wffltc^ffl-r5c:fc*^ai*^o vdd/s 

ENS Eify^c©j;^{c«|»[HlgS{c^a{l:-ri.i;. 5^ 
[0 0 9 0] iiB*SiJ^-9--f'^;i'^ff^'5/c46tc{i, a# 

■rs<DT% «F^©H^*«SgJi:jiJ^-r5ie^S{i^<. ill 

[009 1] •r'<T<oa3g*ra^tca!i^-r5<gsst4*v 

^S^OL-;!/*^ r:i->j r;i-7J ?n5t^> "T'^ 

So T'w'xru'-r^ya— r;i-:7j ©i:#Hm*iS[| 

[0 0 9 2] feLfea^SiJ^ltSA^fiJASBTtl-efenti*. 

[0 0 9 3] c:®«iE;^ffi«:Siwrsfci&. x-cx:/!^ 

'r{c{i02<Diiiiig«ifi%ffiffl-r5fe©tis«-rso lav 

-f :x.yu^ici,mmx^ 

[0 0 9 4] 02^#M-rSi:. /-KA{C«#^n/c: 
mmitN2<DV-hmS.XS>'D. '^■:>XNZtLEDt 
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y-h®BEVg{±. lXf^(D^ (2) comic. N2® 

[00 9 5] 
CiS2] 



'diode 



(2) 



[0 0 9 6] mmvmoyuo s v^z/i^x^oi^u-f^ 
mmimrco^ (3) T'«^n^o 

[0097] 
[SC3] 



I = 



2_ 
k 



(K 



(3) 



[0 0 9 8] CCTv k ti-r/^'T ;^cDifBS3>^'"'5'^f> 

t5tt5f^it|{±Tie#RS) o Se^T. t^TCS (4) sb^^ 

[00 99] 
[1^4] 



22 



10 



20 



7? 



[0 10 0] OLE D*aSWlP]#1 

(5) T'a^nsc 

[0 10 1] 
[S(5] 

dxocle 



(4) 



(5) 



[0 10 2] CCX\ Atml,i^m.X'$>^ (Burrows flfi 
<D J. AppL Phys. 79(1996)#M) o tJ^oT. OTOiC 
(6) A^ffenSo 
[0 10 3] 
[%6] 



diode 



(6) 



[0 10 4] SEtsT, y-h«dSfc^'"i':t--K«85fc© 
^f*WMm> JWTOS (7) T*«^nSo 
[0 10 5] 
[IS7] 

t / 

(7) 




[0 10 6] OLEDCDI-V#14%S-rfcJ6. ffiOM 

±fEOO LED©! - V^tt^^mMISJeicK^^n 
[0107] OLE DtOff JK L (±. ^-OIljJfE I icmilt 

fi, O L E D<0/t-7J><— AfcmfDffilC. T F T<D^^5 

OL ED/^^^-^Ati, O L E D(D:?->':i-i/ 
A^aenrv^So OL ED/^^;<— ^mt±, ^i— ;!f::i'y 
OL E D(D^##{Ct)/coT^ffrSo '^-oX. C 

ri^<D/^'yyi-'$nmmic^i^—x^$>o. ^mm<om^ 



7.f\y-fl,tWmiC^m-X\ 't<D±m^l,Ct)rc-:>X^i^ 

[0 10 8] mmic^ ^i^-ttconHiiffiicfefe^,, y 

SHT<0^ (8) T'S-To 
[0 10 9] 
[!»8] 

= BV^ei^ + Vo (8) 
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ACTIVE MATRIX LIGHT EMXTriNG DIODE PIXEL STRUCTURE 

AND CONCOMITANT METHOD 

This application daims the benefit of U.S. Provisional Application 
5 No. 60/060, 386 filed September 29, 1997, and U.S. Provisional Application 
No. 60/060, 387 filed September 29, 1997, which are herein incorporated by 
reference. 



The invention relates to an active matrix light emitting diode pixel 
10 structure. More particiilarly, the invention relates to a pixel structure that 
improves brightness uniformity by reducing current nonuniformities in a 
light-emitting diode of the pixel structure and method of operating said 
active matrix light emitting diode pixel structure. - 

15 BACKGROUND OF THE DISCLOSUICT: 

Matrix displays are well known in the art, where pixels are 
illuminated using matrix addressing as illustrated in FIG. 1. A typical 
display 100 comprises a plurality of picture or display elements (pixels) 160 
that are arranged in rows and columns. The display incorporates a column 

20 data generator 110 and a row select generator 120. In operation, each row 
is sequentially activated via row line 130, where the corresponding pixels 
are activated using the corresponding column lines 140. In a passive matrix 
display, each row of pixels is illuminated sequentially one by one, whereas 
in an active matrix display, each row of pixels is first loaded with data 

25 sequentially. Namely, each row in the passive matrix display is only 

"active** for a fraction of the total frame time, whereas each row in the active 
matrix display can be set to be "active" for the entire total frame time. 

With the proliferation in the use of portable displays, o.g,, in a laptop 
computer, various display technologies have been employed, e.g., liquid 

30 crystal display (LCD) and Ught-emitting diode (LED) display. Generally, an 
important criticality in portable displays is the ability to conserve power. 
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thereby extending the "on time" of a portable system that employs such 
display. 

In a LCD, a backlight is on for the entire dtiration in which the 
display is in use. Namely, all pixels in a LCD are illuminated, where a 
"dark" pixel is achieved by causing a polarized layer to block the 
illumination through that pixel. In contrast, a LED display only 
illuminates those pixels that are activated, thereby conserving power by not 
having to illuminate dark pixels. 

FIG. 2 illustrates a prior art active matrix LED pixel structure 200 
having two NMOS transistors Nl and N2. In such pixel structure, the data 
(a voltage) is initially stored in the capacitor C by activating transistor Nl 
and then activating "drive transistor" N2 to illuminate the LED. Although 
a display that employs the pixel structure 200 can reduce power 
consxzmption, such pixel structure exhibits nonuniformity in intensity level 
arising from several sources. 

First, it has been observed that the brightness of the LED is 
proportional to the current passing through the LED. With use, the 
threshold voltage of the "drive transistor" N2 may drift, thereby causing a 
change in the current passing through the LED. This varying current 
contributes to the nonuniformity in the intensity of the display. 

Second, another contribution to the nonuniformity in intensity of the 
display can be found in the manufacturing of the "drive transistor" N2. In 
some cases, the "drive transistor" N2 is manufactured from a material that 
is difiGlcuIt to ensure initial threshold voltage imiformity of the transistors 
such that variations exist fi:x»m pixel to pixel. 

Third, LED electrical parameters may also exhibit nonuniformity. 
For example, it is expected that OLED (organic light-emitting diode) turn- 
on voltages may increase under bias-temperature stress conditions. 

Therefore, a need exists in the art for a pixel structure and 
concomitant method that reduces current nonuniformities due to threshold 
voltage variations in a "drive transistor" of the pixel structure. 
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SUMMARY OF THE INVENTION 
The present invention incorporates a LED (or an OLED) pixel 
structure and method that improve brightness uniformity by reducing 
oairent nonuniformities in a light-emitting diode of the pixel structxare. In 
one embodiment, a pixel structure having five transistors is disclosed. In an 
alternate embodiment, a pixel structure having three transistors and a 
diode is disclosed. In yet another alternate embodiment, a different pixel 
structure having five transistors is disclosed. In yet another alternate 
embodiment, an additional Une is provided to extend the autozeroing 
voltage range. Finally, an external measuring module and various external 
measuring methods are disclosed to measure pixel parameters that are then 
used to adjtist input pixel data. 

BRIEF DESCRIPTION Q F THE DRAWINCIS 
The teachings of the present invention can be readily understood by 

considering the following detailed description in conjunction with the 

accompanjTLng drawings, in which: 

FIG. 1 depicts a block diagram of a matrix addressing interface; 
FIG. 2 depicts a schematic diagram of a prior art active matrix LED 

pixel structure; 

FIG. 3 depicts a schematic diagram of an active matrix LED pixel 
structure of the present invention; 

FIG. 4 depicts a tixndng diagram for active matrix LED pixel structure 
of FIG. 3; 

FIG. 5 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure of the present invention; 

FIG. 6 depicts a timing diagram for active matrix LED pixel structure 
of PIG. 5; 

FIG. 7 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure of the present invention; 

FIG. 8 depicts a timing diagram for active matrix LED pixel structure 
of FIG. 7; 
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FIG. 9 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure of the present invention; 

FIG. 10 depicts a schematic diagram of an alternate embodiment of 
an active matrix LED pixel structure of the present invention; 
5 FIG. 11 depicts a timing diagram for active matrix LED pixel 

structiire of FIG. 10; 

FIG. 12 illustrates a schematic diagram of an array of pixels 
interconnected into a pixel block; 

FIG- 13 is a schematic diagram illustrating the interconnection 
10 between a display and a display controller; 

FIG. 14 illustrates a flowchart of a method for initializing the display 
by measuring the parameters of all the pixels; 

FIG. 15 illustrates a flowchart of a method for correcting input data 
representing pixel voltages; 
15 FIG. 16 illustrates a flowchart of a method for correcting input video 

data representing pixel currents, i.e., luminances; 

FIG. 17 illxistrates a flowchart of a method for initializing the display 
by measuring the parameters of all the pixels where the video data 
represent pixel voltage; 
20 FIG. 18 illustrates a flowchart of a method for correcting input video 

data representing pixel voltages; 

FIG. 19 illustrates a flowchart of a method for initializing the display 
by measiaring the parameters of all the pixels for the situation where the 
video data represents pixel currents; 
25 FIG. 20 illustrates a flowchart of a method for correcting input video 

data represented in pixel currents, i.e., luminances; 

FIG. 21 illustrates a flowchart of a method for initializing the display 
by measuring the parameters of all the pixels for the situation where the 
video data represents gamma-corrected luminance data; 
30 FIG. 22 illtistrates a flowchart of a method for correcting input video 

data represented in gamma-corrected luminance data; and 
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FIG, 23 depicts a block diagram of a system employing a display 
having a pliarality of active matrix LED pixel structtires of the present 
invention. 

To facilitate understanding, identical reference numerals have been 
5 used, where possible, to designate identical elements that are common to 
the figures* 
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DETAILED DESCRIPTION 
FIG. 3 depicts a schematic diagfram of an active matrix LED pixel 
structure 300 of the present invention. In the preferred embodiment, the 
active matrix LED pixel structure is implemented using thin film 
5 transistors (TFTs), e.g., transistors maniifactured using poly-silicon or 
amorphous silicon. Similarly, in the preferred embodiment, the active 
matrix LED pixel structure incorporates an organic light-emitting diode 
(OLED), Although the present pixel structure is implemented using thin 
film transistors and an organic hght-emitting diode, it should be tmderstood 
10 that the present invention can be implemented using other types of 
transistors and light emitting diodes. 

The present pixel structure 300 provides a uniform current drive in 
the presence of a large transistor threshold voltage (V.) nonuniformity and 
OLED turn-on voltage nonuniformity. In other words, it is desirable to 
15 maintain a imiform current through the OLEDs, thereby ensuring 
uniformity in the intensity of the display. 

Referring to FIG. 3, pixel structure 300 comprises five NMOS 
transistors Nl (310), N2 (320), N3 (330)^ N4 (340) and N5 (350), a capacitor 
302 and a LED (OLED) (Ught element) 304 (light element). A Select line 
20 370 is coupled to the gate of transistor 350. A Data hne 360 is coupled to 
one terminal of the capacitor 302. An Autozero line 380 is coupled to the 
gate of transistor 340. A VDD line 390 is coupled to the drain of transistors 
320 and 330. An Autozero line 382 fi^om a previous row in the pixel array is 
coupled to the gate of transistor 330. 
25 It should be noted that Autozero line 382 from a previous row can be 

implemented as a second Select line. Namely, the timing of the present 
pixel is such that the Autozero line 382 from a previous row can be exploited 
without the need of a second Select line, thereby reducing complexity and 
cost of the present pixel. 
30 One terminal of the capacitor 302 is coupled (at node A) to the soxirce 

of transistor 330 and to the drain of transistors 340 and 350. The source of 
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transistor 360 is coupled (at node B) to the gate of transistors 310 and 320. 
The drain of tranastor 310 is coupled to the source of transistor 340. 
Finally, the source of transistors 310 and 320 are coupled to one terminal of 
the LED 304. 

5 As discussed above, driving an organic LED display is challenging in 

light of the various nonuniformities. The present invention is an 
architecture for an organic LED display that addresses these criticalities. 
Namely, each LED pixel is driven in a manner that is insensitive to 
variations in the LED tum-on voltage, as well as to variations in the TFT 
10 threshold voltages. Namely, the present pixel is able to determine an offset 
voltage parameter using an autozeroing method that is used to account for 
these variations in the LED tum-on voltage, and the TFT threshold 
voltages. 

Furthermore, data is provided to each pixel as a data voltage in a 
15 manner that is very similar to that used in fconventional active-matrix 
liquid crystal displays. As a result, the present display architecture can be 
employed with conventional column and row scanners, eitiher external or 
integrated on the display plate. 

The present pixel tises five (5) TFTa and one capacitor, and the LED. 
20 It should be noted that TFTs are connected to the anode of the LED. and not 
the cathode, which is required by the fact that ITO is the hole emitter in 
conventional organic LED. Thus, the LED is coupled to the source of a TFT, 
and not the drain. Each display column has 2 row Unes (the auto-zero line 
and the select line), and 1 1/2 column lines (the data line and the +Vdd Hne, 
25 which is shared by neighboring coltimns). The waveforms on each line are 
also shown in FIG. 4. The operation of the pixel 300 is described below in 
three phases or stages. 

The first phase is a precharge phase. A positive pulse on the auto- 
. zero (A2) line of the previous row 382 tvims "on" transistor 330 and 
30 precharges node A of the pixel up to Vdd, e.g., +10 volts. Then the Data Une 
changes from its baseline value to write data into the pixel of the previotis 
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row, and retiims to its baseline. Thia has no net effect on the pixel under 
consideration. 

The second phase is an auto-zero phase. The AZ and SELECT lines 
for the present row go high, turning *on" transistors 340 and 350 and 
5 causing the gate of transistor Nl 310 to drop, self-biasing to a turn-on 

voltage that permits a very small trickle of current to flow through the LED. 
In tMs phase the sum of the tum-on voltage of the LED and the threshold 
voltage of Nl are stored on the gate of Nl. Since Nl and N2 can be placed 
very close together, their initial threshold voltages will be very similar. In 
10 addition, these two transistors should have the same gate to source voltage, 
Vgs. Since a TFT threshold drift depends only on Vgs over the life of the 
TFT, it can be assumed that the threshold voltages of these devices will 
track over the Hfe of the TFT, Therefore, the threshold voltage of N2 is also 
stored on its gate. AJEter auto-zeroing is complete, the Autozero line returns 
15 low, while Select line stays high. 

The third phase is a data writing phase. The data is applied as a 
voltage above the baseline voltage on the Data line, and is written into the 
pixel through the capacitor. Then, the Select line returns low, and the sum 
of the data voltage, plus the LED tum-on voltage, plus N2'8 threshold 
20 voltage, is stored at node B for the rest of the frame. It should be noted that 
a capacitor from node B to -hVdd can be employed in order to protect the 
stored voltage from leaking away. 

In sum, during the auto-2ero phase, the LED's tum-on voltage, as 
well as N2's threshold voltage, are "measured'' and stored at node B using a 
25 trickle current. This auto-zero phase is essentially a current-drive mode of 
operation, where the drive current is very small. It is only after the auto- 
zero phase, in the writing phase, that the voltage on the LED is 
incremented above tum-on using the applied data voltage. Thus, the 
present invention can be referred to as having a Tiybrid drive," rather than 
0 a voltage drive or current drive. The hybrid drive method combines the 
advantages of voltage drive and current drive, without the disadvantages of 
either. Variations in the turn-on voltage of the LED and the threshold 
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voltage of the TFT are corrected, just as in cxarrent drive. At the same time, 
all lines on the display are driven by voltages, and can therefore be driven 
fast. 

It shotild be noted that the data voltage increment applied to the 
5 Data line 360 does not appear directly across the LED 304, but is split 
between Vgs of N2 320 and the LED. This simply means that there is a 
nonlinear mapping from the data voltage to the LED voltage. This 
mapping, combin^ed with the nonlinear mapping from LED voltage to LED 
current, yields the overall transfer function from data voltage to LED 
10 current, which is monotonic, and, as noted above, is stable over the life of 
the display. 

An advantage of the present pixel architecture 300 is that the 
transistors in the pixel whose threshold shifts are vmcorrected {N3, N4, and 
N6) are txirned on for only one row-time per frame, and therefore have a 
15 very low duty-cycle and are not expected to shift appreciably. Additionally, 
N2 is the only transistor m the LED's current path. Additional transistors 
connected in series on this path may degrade display efficiency or may 
create problems due to imcorrected TFT threshold shifts, and, if shared by 
all pixels on a column, may introduce significant vertical crosstalk. 
20 Select and Autozero CAZ) pulses are generated by row scanners. The 

colimm data is applied on top of a fixed (and arbitrary) baseline voltage in 
the time-slot between AZ pulses. The falling edge of Select signal occurs 
while data is valid on the Data line. Various external and integrated 
column-scanner designs, either of the direct-sample or chopped-ramp type, 
25 can produce data with this timing. 

The above pixel architecture permits large direct-view displays to be 
built using organic LEDs. Of course, the present pixel structure is also 
applicable to any display technology that uses display elements requiring 
drive current, particularly, when the display elements or the TFTs have 
30 tum-on voltages that shift or are nonuniform. 

FIG- 5 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure 500 of the present invention. The pixel 
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structure 500 is similar to the pixel structure 300 of FIG. 3, where a 
Schotth^ diode is now employed in lieu in of two transistors. 

One potential disadvantage of the pixel structure 300 is the use of 
five tranastors per pixel. Namely, using so many transistors in each pixel 
may impact the pixel's fill«&ctor (assuming bottom-side emission throu^ 
the active plate), and also its yield. As such, the pixel structure 3.00 
employs a single Schottky diode in each pixel that reduces the number of 
transistors from five to three transistors, while performing the same 
fimctione as previously described. 

Referring to FIG. 5, pixel structure 500 comprises three NMOS 
transistors Nl (510), N2 (520), N3 (530), a capacitor 502, a Schottky diode 
540 and a LED (OLED) 550 (light element). A Select line 570 is coupled to 
the gate of transistor 530. A Data line 560 is coupled to one terminal of the 
capacitor 502. An Autozero line 580 is coupled to the gate of transistor 520. 
An niuminate (similar to a VDD line) line 590 is coupled to one terminal of 
the Schottky diode 540. 

One terminal of the capacitor 502 is coupled (at node A) to the drain 
of transistors 520 and 530. The source of transistor 530 is coupled (at node 
B) to the gate of transistor 510. The drain of transistor 510 is coupled to the 
source of transistor 520, and one terminal of the Schottky diode 540. 

The pixel structure 500 also has three phases of operation: a 
precharge phase, an autozero phase, and a data writing phase as discussed 
below. All of the muminate lines are comiected together at the periphery of 
the display, and before the precharge phase begins, the nitoninate Unes are 
held at a positive voltage which is approximately +15V. For the 
purpose of the following discussion, a row under consideration is referred to 
as "row i". The waveforms on each line are also shown in FIG. 6. 

The first phase is a precharge phase. Prediarge is initiated when the 
Autozero (AZ) line turns on transistor N2, and the Select line turns on 
transistor N3. This phase is performed while the Data line ia at a reset 
level. The voltage at Nodes A and B rises to the same voltage as the drain 
of transistor Nl, which is a diode drop below V-,. 
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The second phase is an autozero phase. Next, the Illuminate line 
drops to ground. Duringf this phase, all pixels on the array will briefly 
darken. Autozeroingr of Nl now begins with the Schottky diode 540 causing 
the drain of transistor Nl to be isolated from the grounded Illuminate line. 
5 When Node B has reached a voltage approximately equal to the threshold 
voltage of the transistor Nl plus the tum-on voltage of the LED 550, the AZ 
line is used to ttim transistor N2 •*oflP, and the Illimiinate line is restored to 
V^^, All pixels in unselected rows light up again. 

The third phase is a data writing phase. Next, the data for row i is 

10 loaded onto the data line. The voltage rise at Nodes A and B will equal the 
difference between the Data line's reset voltage level and the data voltage 
level. Thus, variations in the threshold voltage of transistor Nl and the 
LED's tum-on voltage will be compensated. After the voltage at Node B has 
settled, the Select line for row i is used to turn off transistor N3, and the 

15 Data line is reset. The proper data voltage* is now stored on the pixel until 
the next frame* 

Thxis, a three-transistor pixel for OLED displays has been described, 
that possesses the advantages described previously for the S-transistor pixel 
300, but requires fewer transistors. An additional advantage is that the 5- 

20 transistor pixel employs separate transistors for autozeroing and driving the 
LED. Proper operation of pixel 300 requires that these two transistors have 
matching initial thresholds that would drift over life in the same way. 
Recent experimental data suggest that TFTs with different drain voltages 
(as these two transistors have) may not drift in the same way. Thus, pixel 

is 500 performs autozeroing on the same transistor that drives the LED, such 
that proper autozeroing is guaranteed. 

FIG, 7 depicts a schematic diagram of an alternate embodiment of an 
active matrix LED pixel structure 700 of the present invention. The pixel 
structure 700 is similar to the pixel structure 300 of FIG. 3, with the 

0 exception that pixel structiire 700 may generate a more precise autozero 
voltage. 
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Namely, referring to FIG. 3, the autozeroing arises from the fact that 
each precharge cycle, as shown in FIG. 3. injects a large positive charge Qj^ 
onto Node A of the pixel 300. During the precharge phase, nearly all of the 
capacitance on Node A is from capacitor C^^, such that the charge injected 
5 onto Node A is: 

where is the voltage that was on Node A before the precharge phase 
10 began. depends on the threshold voltage of N3 330 and the turn-on 
voltage of the LED 304, as well as the previous data applied to the pixel 
300. Since is a large capacitance (approx. 1 pF). Qpc is also relatively 
large, on the order of ten picocoulombs. 

When the pixel 300 is at a stable autozero level, Q^^ flows through Nl 
16 310 and the LED 304 during the autozero phase. Since the autozero 
interval is short (approximately 10 ^sec), Nl may be left with a gate-to- 
source autozero voltage higher than its threshold voltage, and similarly the 
LED autozeroes above its turn-on voltage. Thus, the autozeroing process 
may not produce a true zero-current autozero voltage at Nodes A and B, but 
20 instead, an approximation of a zero-current autozero voltage. 

It should be noted that it is not necessary to produce a true zero- 
current autozero voltage, corresponding to exactly zero current through Nl 
and the LED. The desirable goal is to obtain an autozero voltage that 
permits a small trickle of current (approximately ten nanoamps) to flow 
25 through Nl 310 and the LED 304. Since the autozero interval is 

approximately 10 usee, then Q^^ should be on the order of 0.1 picocoulomb. 
As noted above, Qp^ is approximately 10 picocoulombs. 

The effect of such a large Q„ is that the pixel's stable autozero 
voltage may well be above the simi of the threshold and turn-on voltages. 
30 This condition by itself ia not a problem, if the excess autozero voltages were 
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unifonn across the display. Namely, the effect can be addressed by 
offsetting aU the data voltages accordingly. 

However, a potential diflSoilty may arise if Qpc is not only large, but 
also depends on the previous data voltage, and on the autozero voltage 
S itsel£ If this condition develops in the display, then not only will all pixels 
have large excess autozero voltages, but also the magnitude of the excess 
voltage may vary from pixel to pixel. In efiPect, the autozeroing of pixel 300 
may not produce a unifonn display under such a condition. 

To address this criticality, the pixel structure 700 is capable of 
10 redudng the precharge Qpc to a very small value. Additionally, a Variable 
precfaarge** method is disclosed, that permits to vary, depending on the 
amount of charge that is actually needed for autozeroing. In brief, if the 
current autozero voltage is too low, Qp^ assumes its maximum value of about 
0.1 picocoulomb in order to raise the autozero voltage toward its desired 
15 value. However, if the current autozero voltage is too high, then Q^^ is 
essentially zero, allowing the autozero voltage to drop quickly. 

Referring to FIG. 7, pixel structure 70Q comprises five NMOS 
transistors Nl (710), N2 (720), N3 (730) , N4 (740), N5 (750), a capacitor 
702, and a LED (OLED) 704 (Ught element). A Select line 770 is coupled to 
20 the gate of transistor 710. A Data line 760 is coupled to one terminal of the 
capacitor 702. An Autozero line 780 is coupled to the gate of transistor 740. 
A VDD line 790 is coupled to the drain of transistors 720 and 750. An 
Autozero line 782 from a previous row in the pixel array is coupled to the 
gate of transistor 750. 
25 It should be noted that Autozero line 782 from a previous row can be 

implemented as a second Select line. Namely, the timing of the present 
pixel is such that the Autozero line 782 from a previotis row can be exploited 
without the need of a second Select line, thereby reducing complexity and 
cost of the present pixel. 
30 One terminal of the capacitor 702 is coupled (at node A) to the drain 

of transistor 710. The source of transistor 710 is coupled (at node B) to the 
gate of transistors 720 and 730 and is coupled to the source of transistor 
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740. The drain of ta-ansistor 740 is coupled (at node C) to the source of 
transistor 750, and to the drain of transistor 730. Pinaily, the source of 
transistors 730 and 720 are coupled to one terminal of the LED 704. 

More specifically, the pixel 700 is similar to the pixel 300, except that 
5 the precharge voltage is now applied to Node C, which is the drain of 
transistor N3 730. In addition, there are also some timing changes as 
shown in FIG. 8. The operation of the pixel 700 is again described below in 
three phases or stages. 

The first phase is a precharge phase that occurs during the previous 
10 line time, i.e., before data is applied to the previous row's pixels. A positive 
pulse on the Select line turns "on" Nl, thereby shorting Nodes A and B 
together, which returns the pixel 700 to the state it was in after the last 
autozero phase. Namely, the pixel is returned to a data-independent 
voltage that is the pixel's most recent estimate of its proper autozero 
15 voltage. While transistor Nl is "on", a positive pulse on the Autozero line 
782 fi-om a previous row line turns "on" transistor N5. thereby precharging 
Node C to y^,. In turn, transistors Nl and N5 are turned "off'. 

The relative timing of turning transistors Nl and N5 "on" and "off" is 
not very important, except that transistor nl must be "on" before transistor 
20 N5 is turned "off". Otherwise, transistor N3 may still be turned "on" in 
response to the old data voltage, and the charge injected onto Node C may 
inadvertently drain away through transistor N3. 

After the precharge phase, the charge is stored at Node C on the 
gate-to-source/drain capacitances of transistors N3, N4 and N5. Since these 
25 capacitances add up to a very small capacitance (about 10 fF), and the 
prechaise interval raises Node C about lOV, Q^^ is initially approximately 
0.1 picocoulombs. However, this charge will drain fix>m Node C to varying 
degrees prior to the autozero phase, depending on how well the previous 
autozero voltage approximates the true autozero voltage. Thus, it is more 
30 accurate to indicate that Qpc ^O.l picocoulomb, depending on how much 
charge is needed for autozeroing. This is the variable precharge feature. If 
the last autozero voltage is too low, N3 is nonconducting after the precharge 
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phase, and Qpg should stay at its maximum value, raising the autozero 
voltage toward its desired level during the autozero phase. If the last 
autozero voltage is too high, N3 is conducting, and Q^c will drain off by the 
time the autozero phase occurs, allowing the autozero voltage to drop 
5 quickly. 

Although the relative timing for transistors Nl and N5 is not critical, 
the preferred timing is shown in FIG. 8. The two transistors Nl and N5 
turn "on" at the same time in order to minimize the time reqxiired for 
precharge. Nl trims "ofT before N5 such that the (intentional) drainit^ of 
10 Qpo from Node C is in response to a Node B voltage that has been 
capacitively pushed down by Nl turning "off. This ensures that the 
draining of Qp^ from Node C is in response to a Node B voltage that is the 
same as when zero data is applied to the pixel. 

In sum, the pixel 700 when compared to the pixel 300, provides a 
15 means of precharging the pixel that allofws \ more effective autozeroing. 
Specifically, the autozeroing of pixel 700 is more accurate, ffeater, and data 
independent. Computer simulations have verified that the pixel 700 
autozeroes well and is able to maintain a nearly constant OLED current vs. 
data voltage characteristic over an operational lifetime of 10,000 hours. 
20 FIG. 9 depicts a schematic diagram of an alternate embodiment of an 

active matrix LED pixel structure 900 of the presMit invention. The pixel 
structure 900 is similar to the pixel structure 700 of FIG. 7, with the 
exception of having an additional V,„^ line 992, that permits the range of 
autozero voltages to be extended without raising the LED supply voltage 
25 V^. This additional modification of the pixel extends the life and efficiency 
of the pixel. 

It should be noted that the above described pixels (200, 300, 700) 
have the limitation that the autozero voltage cannot exceed V^, since this is 
the precharge voltage. However, as the threshold voltages of transistors N2 
30 and N3 drift over the life of the transistor, a point is reached where an 

autozero voltage higher than is required in order to compensate for drift 
in the TFT threshold voltage and in the OLED turn-on voltage. Since the 
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autozero voltage cannot reach higher voltages, display uniformity will 
quickly degrade, signaling the end of the useful life of the display. Raising 

will permit higher autozero voltages to be achieved, but at the expense of 
power efBciency, since is also the OLED drive supply. 

Furthermore, the range of autozero voltages will be restricted even 
further if, in order to improve power efficiency, is reduced to operate 
transistor N2 in the linear region. (Of course, this will reqtiire N2 to be 
made larger than if it was operated in saturation.) In this case, the 
operating lifetime will be quite short, since after a short period of operation, 
the autozero voltage will need to reach a level higher than V^. 

Referring to FIG. 9, an optional modification is incorporated into the 
pixel 700 that removes restrictions on the autozero voltage, thereby 
permitting it to be extended to well above V^. The pixel 900 is identical to 
the pixel 700 with the exception of an additional column line 992, that is 
coupled to the drain of transistor 950, 

The coltmrn line 992 is added to the array to carry a DC voltage 
^pmhfg, all the pixels. All of these column lines are connected together at 
the edge of the display. By raising V^„^ to a level higher than V^, the 
pixel 900 can precharge and autozero to a voltage higher than V^, A high 
value of V,,^^ will have very little effect on display efficien<y. 

It should be noted that each V^,,,,^ line 992 can be shared by 
neighboring columns of pixels. The V^„^ Unes can also run as row lines, 
shared by neighboring rows. 

In sum, a modification of the above OLED pixels is disclosed where 
an additional voltage line is provided to extend the range of the autozero 
voltages beyond V^, This aUows the OLED drive transistor to operate at as 
low a voltage as needed for power efficiency, possibly even in the linear 
region, without restricting the range of autozero voltages. Thus, long 
operating lifetime and high efficiency can be obtained. Finally, although 
the present modification is described with respect to pixel 700, it should be 
understood that this optional modification can be employed with other 
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autozeroing pixel structures, including but not Umited to, pixels 200 and 
300 as discussed above. 

Although the above pixel structures are designed for an OLED 
display in such a manner that transistor threshold voltage variations and 
5 OLED turn-on voltage variations in the pixel can be compensated, these 
pixel structiffes are not designed to address nonuniforxnity that is generated 
external to the pixel. It was pointed out that the pixel could be used with 
conventional column driver circuits, either external to the display plate or 
integrated on the display. 
10 Unfortunately, integrated data drivers are t3rpically not as accurate 

as external drivers- While commercially available external drivers can 
achieve ±12 mV accuracy, it has proven difficult to achieve accuracy better 
than ±50 mV using integrated drivers. The particular type of error 
produced by integrated drivers is primarily offset error, i.e., it is a data- 
15 independent DC level that adds to all data voltages- The offset error is 

nonuniform, i.e., the value of the DC level varies from one data driver to the 
next- Liquid crystal displays tend to be forgiving of offset errors because the 
liquid crystal is driven with opposite polarity data in successive frames, 
such that in one frame the offset error causes the liquid crystal to be slightly 
20 too dark, and in the next frame too Ught, but the average is nearly correct 
and the alternating errors are not noticeable to the eye. However, an OLED 
pixel is driven with unipolar data. Therefore, the bipolar cancellation of 
offset errors does not occur, and serious nonimiformity problems may result 
when integrated scanners are used. 
25 FIG. 10 depicts a schematic diagram of an active matrix LED pixel 

structure 300 of the present invention coupled to a data driver 1010 via a 
column transistor 1020. The present invention describes a method for 
canceling offset errors in integrated data scanners for OLED displays- 
Namely, the present method is designed to operate with any pixel in which 
30 the pixel is capadtively coupled to a data line, and has an autozero phase, 
e.g., pixels 200, 300, 600, and 700 as discussed above. 
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Refemner to PIG. 10, the pixel 300 as described above is coupled to a 
Data line that provides the pixel with an analog level to establish the 
brightness of the OLED element In FIG. 10, the Data line is driven by a 
data driver that uses the chopped ramp technique to set the voltage on the 
5 Data line. Various sources of error esdst in this approach that may give rise 
to o£feet errors on the Data Une. For example, the time at which the voltage 
comparator switches can vary depending on the comparator's maximum 
slew rate. It has also been observed experimentally that the maximum slew 
rat© can be highly variable. The ofiset error will affect the voltage stored in 
10 the pixel. Since it is nonuniform, the oflfeet error will also lead to brightness 
'variations across the display. 

In the present invention, the period during which the pixel autozeros 
to cancel its own internal threshold error is also used to calibrate out the 
data scanner's offeet error. The waveforms of the various lines is shown in 
15 FIG. 11. 

Namely, this is accomplished by setting a reference black level on the 
Data line using the same column driver that will apply the actual data 
voltage. This reference Mack level, appHed during the pixel's autozero 
phase, is set on the Data line in exacUy the same manner that the actual 
20 data voltage will be set: the data ramp is chopped at a time determined by 
the voltage comparator. Thus, the voltage across capacitor C of the pixel is 
determined by tiie difference between the pixel's tum-on voltage and the 
combined black level plus the offset error voltage. The reference black level 
18 maintained for the entire autozero phase. When the actual data is 
25 applied to the pixel, the data scanner ofifeet error is now canceled by the 
stored voltage on the pixel capacitor. 

This technique can be applied not only to integrated scanners that 
use a chopped ramp, but also to scanners using direct sampling onto the 
columns. In the case of direct sampling, the error arises from the 
30 nonuniform capacitive feedthrough of the gate signal onto the Data line 
when the (large) colxnnn transistor turns off. Variations in the threshold 
voltage of this transistor produce a nonuniform offset error, just like the 
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nonuniform offset error produced by the chopped ramp data scanners. 

Thus, it can be corrected in the same manner. A black reference 
voltage is written onto the columns during the pixel's autozero phase. Since 
all of the pixels in a row autozero at the same time, this black level is 
5 written onto all of the data columns simultaneously at the begiiming of the 
line time. The black level is maintained for the entire autozero phase. As 
in the case of the chopped-ramp scanner, when the actual data is applied to 
the pixel, the oflfeet error will be canceled by the voltage stored on the pixel 
capacitor. However, it seems likely that the time overhead required to 
10 perform offset error correction is smaller using the direct-sampling 
technique than with the chopped ramp technique. 

The present method for cozrecting data driver errors should permit 
organic LED displays to be built with much better brightness uniformity 
than would otherwise be possible. Using the method described here, 
15 together with any of the above autozeroing pixels^ brightness uniformity of 
8-bits should be achievable, with no visible imiformity degradation over the 
lifetime of the display. 

Although the above disclosure describes a plurality of pixel structures 
that can be employed to account for nonunifozmity in the intensity of a 
20 display, an alternative approach is to compensate such nonuniformity by 
using external means. More specifically, the disclosure below describes an 
external calibration circuit and method to account for nonuniformity in the 
intensity of a display. In brief, the non-uniformity is measured and stored 
for all the pixels such that the data {e.g., data voltages) can be calibrated 
25 using the measured non*uniformity. 

As such, although the conventional pixel structure of FIG. 2 is used in 
the following discxission, it should be understood that the present external 
calibration circuit and method can be employed with other pixel structures, 
including but not limited to, the pixels 300, 500, and 700 as described above. 
30 However, if the non-uniformity is addressed by the present external 

calibration circuit and method, then a more simplified pixel structure can be 
employed in the display, thereby increasing display yield and fill-factor. 
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FIG. 12 illxastrates a schematic diagram of an array of pixels 200 
interconnected into a pixel block 1200. Referring to FIG. 2, in operation, 
data is written into the pixel array in the manner commonly used with 
active matrix displays. Namely, a row of pixels is selected by driving the 
5 Select line high, thereby turning on access transistor Nl. Data is written 
into the pixels in this row by applying data voltages to the Data lines. After 
the voltage at node A has settled, the row is deselected by driving the Select 
line low. The data voltage is stored at node A until this row is selected 
again on the next frame. There may be some charge leakage from node A 

10 during the time that Nl is turned off, and a storage capacitor may be 
required at node A to prevent an unacceptable level of volt^e decay. The 
dotted lines illustrate how a capacitor can be connected to address the 
voltage decay. However, it is possible that there is sufficient capacitance 
associated with the gate of N2 to render such additional capacitance 

16 iunecessary« 

It should be noted that the luminance L of an OLED is approximately 
proportional to its current I, with the constant of proportionality being fairly 
stable and uniform across the display. Therefore, the display will be 
visually uniform if well-defined OLED currents are produced. 

20 However, what ia programmed into the pixel is not the OLED 

current, but rather the gate voltage on N2- It is expected that TFT 
threshold voltages and transconductances will exhibit some initial 
nonunifinrmity across a display, as will the OLED electrical parameters. 
Furthermore, it is well known that TFT threshold voltages increase under 

25 bias-temperature stress conditions, as do OLED turn-on voltages. Thus, 
these parameters are expected to be initially nonimiform, and to vary over 
the life of the pixel in a maimer that depends on the individual bias history 
of each pixel. ProgranMning the gate voltage of N2 without compensating 
for the variations of these parameters will yield a display that is initially 

30 nonuniform, with increasing nonuniformity over the life of the display. 

The present invention describes a method for correcting the data 
voltage applied to the gate of N2 in such a way that variations in the TFT 
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and OLED electrical parameters are compensated, thereby permitting well- 
defined OLED currents to be produced in the pixel array, 

FIGrS. 2 and 12 illustrate a pixel array having VDD supply lines that 
are disposed parallel to the Data lines. (In alternative embodiments, the 
S VDD lines may run parallel to the Select lines.) As such, each VDD line can 
be shared by two or more neighboring colxamns of pixels to reduce the 
number of VDD lines. Figure 12 illustrates the VDD lines as being tied 
together into blocks on the periphery of the display. Each pixel block 1200 
may contain as few as one VDD line, or as many as the total number of VDD 
10 lines on the display. However, in the preferred embodiment, each pixel 
block 1200 contain about 24 VDD lines, i.e., about 4:8 pixel columns. 

FIG. 13 is a schematic diagram illustrating the interconnection 
between a display 1310 and a display controller 1320. The display 1310 
comprises a plurality of pixel blocks 1200. The display controller 1320 
15 comprises a VDD control module 1350, a mieasurement module 1330 and 
various I/O devices 1340 such as A/D converters and a memory for storing 
pixel parameters. 

Each pixel block is coupled to a sensing pin (VDD/SENSE) 1210 at 
the edge of the display, as shown in FIGs. 12 and 13. During normal 
20 display operation, the sensing pins 1210 are switched to an external V.. 
supply, e-g., between 10-15V, thereby supplying current to the display for 
illuminating the OLED elements. More specifically, each VDD/SENSE pin 
1210 is associated with a pair of p-channel transistors Pi (1352) and P2 
(1332) and a current sensing circuit 1334 in the display controller 1320. 
25 During normal operation, an ILLUMINATE signal fi-om the display 

controUer activates PI to connect a VDD/SENSE pin to the V^ supply. In a 
typical implementation, the current through PI is expected to be 
approximately 1 mA per column. 

In order to compensate for variations in the TFT and OLED 
30 parameters, the external current sensing circuits 1334 are activated via a 
MEASURE signal to collect information about each pixel's parameters 
during a special measurement cycle. The collected information is used to 
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calculate or adjust the appropriate data voltages for establishing the desired 
OLED currents during normal display operation. 

More specifically, during a given pixel's measurement cycle, all other 
pixels in the pixel block are tuned oflF by loading these pixels with low data 
5 voltages (e.g., zero volts or less), thereby ensuring negligible current draw 
from the ''oflr pixels. In turn, the current drawn by the pixel of interest is 
measured in response to one or more applied data voltages. During each 
measurement cycle, the data pattern (i.e., consisting of all pixels in a block 
turned «o£r except for one pixel turned is loaded into the pixels in the 
10 normal way, with data applied to the DATA lines by data driver circuits, 
and rows being selected one by one. Thus, since the display is partitioned 
into a plurality of pixel blocks, a plurality of pixels can be measured by 
turning on at least one pixel in each pixel block simultaneously. 

The current drawn by the pixel of interest in each pixel block is 
15 measured externally by driving the IIXUMTNATE and MEASURE lines to 
levels that disconnect the VDD/SENSE pin 1210 from VDD source and 
connect the sensing pin to the input of a current-sensing circuit 1334 
through P2, where the current drawn by the pixel of interest is measured. 
The pixel current is expected to be in tite range of 1-10 uA. The currant- 
20 sensing circuit 1334 is shown as a transimpedance amplifier in PIG. 13, but 
other embodiments of current-sensing circuit can be implemented. In the 
present invention, the amplifier generates a voltage at the output that is 
proportional to the cxorrent at the input. This measured information is then 
collected by I/O devices 1340 where the information is converted into digital 
25 form and then stored for calibrating data voltages. The resistor in the 
current-sensing circuit 1334 is approximately one Megohm, 

Although multiple current-sensing circuits 1334 are illustrated with a 
one to one correspondence with the pixel blocks, fewer current-sensing 
circuits can be employed through the use of a multiplexer (not shown). 
30 Namely, multiple VDD/SENSE pins are multiplexed to a single current- 
sensing circuit 1334. In one extreme, a single current-sensing circuit is 
used for the entire display. Multiplexing the VDD/SENSE pins to the 
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sensing circuits in this manner reduces the complexity of the ektemal 
circuitry, but at the expense of added display measurement time. 

Since normal display operation must be interrupted in order to 
perform pixel measurement cycles, pixel measurements should be scheduled 
5 in a manner that will least disrupt the viewer. Since the pixel parameters 
change slowly, a given pixel does not need to be measured frequently, and 
measurement cycles can be spread over a long period of time. 

While it is not necessary for all pixels to be meastired at the same 
time, it is advantageous to do so in order to avoid nonuniformity due to 
10 variable measurement lag. This can be accomplished by measuring all 
pixels rapidly when the display module is turned "on'', or when it is turned 
"ofr. Measxaring pixels when the display module is turned "off" does not 
interfere with normal operation, but may have the disadvantage that after a 
loxig "off* period, the stored pixel parameters may no longer ensure 
15 luuformity. However, if an uninterrupted power source is available (e.g., in 
screen saver mode), measurement cycles can be performed periodically while 
the display is "oflP (from the user's point of view). Of course, any option that 
does not include a rapid measurement of all pixels when the display module 
is turned "on", requires that nonvolatile memory be available for storing 
20 measurement information while power is "oS". 

If pixel measurement information is available, compensation or 
calibration of the data voltages can be applied to the display to correct for 
various sources of display nonuniformity. For example, compensation of the 
data voltages can be performed to accoimt for transistor threshold-voltage 
25 variations and OLED turn-on voltage variations. As such, the discussion 
below describes a plurality of methods that are capable of compensating the 
above sources of display nonuniformity, including other sources of display 
nonuniformity as well. By using these methods, a display with several 
sources of nonuniformity, some of them severe, can still provide a uniform, 
30 high-quality displayed image. 

For the purpose of describing the present compensation methods, it is 
assumed that the pixel structure of FIG. 2 is employed in a display 
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However, it should be understood that the present compensation methods 
can be adapted to a display emplo3ring any other pixel struc±ures. 

Referring to FIG. 2» the stored voltage on Node A is the gate voltage 
of N2, and thus establishes a current through N2 and through the LED. By 
5 vaiying the gate voltage on N2, the LED current can be varied. Consider 
the relationship between the gate voltage on N2 and the current through 
the LED. The gate voltage can be divided into two parts, the gate-to- 
source voltage of N2 and the voltage across the LED: 

V,=V,,+V^^ (2) 
For an MOS transistor in saturation the drain current is approximately: 



^ = |(^.-^J C3) 



15 



■where k is the device transconductance parameter and is the threshold 
voltage. (For operadon in the linear region, see below.) Therefore: 



n.=i/v + ^ (4) 



20 



The forward current through the OLED is approximately: 



^''AV^a, (5) 

25 where A and m are constants (See Burrows et al.. J. Appl. Phys. 79 (1996)). 
Therefore: 



K/*w. = ^ (6) 
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Thiis, the overall relation between the gate voltage and the diode current is: 



It should be noted that other functioiial forms can be used to 
S represent the OLED I-V characteristic, which may lead to different 
Ainctional relationships between the gate voltage and the diode current. 
However, the present invention is not liznited to the detailed functional form 
of the OLED I-V characteristic as disclosed above, and as such, can be 
adapted to operate for any diode-like characteristic. 
10 The luminance L of an OLED is approximately proportional to its 

current I, with the constamt of proportionality being fairly stable and 
uniform across the display. Typically, the display is visually uniform if 
well-defined OLED currents can be produced. However, as discussed above, 
the pixel is programmed with the voltage and not the current I. The 
15 problem is based on the observation that TPT parameters V. and k will 
exhibit some initial nonuniformity across a display, as well OLED 
parameters A and m* Furthermore, it is well known that increases imder 
bias-temperature stress conditions. The OLED parameter A is directly 
related to the OLBD*s turn-on voltage, and is known to decrease under bias 
20 stress. The OLED parameter m is related to the distribution of traps in the 
organic band gap, and may also vaiy over the life of the OLED. Thus, these 
parameters are expected to be initially nonixniform, and fco vary over the life 
of the display in a manner that depends on the individual bias history of 
each pixel Programming the gate voltage without compensating for the 
25 variations of these parameters will yield a display that is initially 
nonuniform, with increasing nonuniformity over the life of the display. 

In fact, other sources of nonuniformity exists. The gate voltage is 
not necessarily equal to the intended data voltage V^. Instead, gain and 
oflFaet errors in the data drivers, as well as (data-dependent) feedthrough 
30 arising from the deselection of NI, may cause these two voltages to be 

different. These sources of error can also be nonuniform and can vary over 



5 
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the life of the display. These and any other gain and ofEset errors can be 
addressed by expressing: 

V,=-BV^+V„ (8) 

where B and are a gain factor and an offset voltage, respectively, both of 

which can be nonuniform. Combining jind simplifying equations (7) and (8) 
produces: 



10 V^«V^-i-CV7+£>q/7 (9) 

where C, and D are combinations of the earlier parameters. 

The present invention provides various compensation methods for 
correcting the intended (input) data voltage to compensate for 
IS variations in C, D, and m, thereby permitting well-defined OLED 
currents to be produced in the pixel array. In order to compensate for 
variations in the parameters C, D, and m, the external current sensing 
circuits as described above, collect information about each pixel's 
parameters, i.e*, the current drawn by a single pixel can be measured 
20 externally. Using the measured information for the parameters C, D, 
and m, the present invention calculates the appropriate data voltages 
in accordance with equation (9), for establishing the desired OLED currents 
during normal display operation. 

Alternatively, it should be noted that an exact calculation of the four 
25 parameters C, D, and m from current measurements is computationally 
expensive, thereby requiring complicated iterative calculations. However, 
good approximations can be employed to reduce computational complexity, 
while maintaining effective compensation. 

In one embodiment, pixel nonuniformity is characterized using only 
30 two parameters instead of foiir as discussed above. Referring to the pixel's 
current-voltage characteristic of equation (9). at normal illumination levels, 
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the CV7 term, associated with of N2, and the D^l term, associated with 
V<iiod«* have roughly the same magnitude. However, their dependence on 
pixel current is very different. The value of m is approximately 10, such 
that at typical illumination levels, lyfl is a much weaker function of I than 
5 isCVT. 

For example, a 100 fold (lOQx) increase in I results in C4l increasing 
by 10 fold (lOx), but Efifl increases only 1.58 fold (1.58x) (assuming m = 
10). Namely, at typical illimiination current levels, the OLED's I-V curve is 
much steeper than the TTTs I-V^ curve. 
10 As such, an approximation is made where at typical current levels, 

is independent of current, and its pixel-to-pixel variation can be simply 
treated as an ofEset variation. While this approximation may introduce 
some error, the appearance of the overall display will not be significantly 
degraded. Thus, with a fair degree of accwacy all display nonuniformity 
15 can be treated as o£5set and gain variations^ Thus, equation (9) can be 
approximated as: 

y^^V^^C41 (10) 

20 where V^, =v;^+Z)^ now includes , and and C vary from pixel to 
pixeL 

PIG. 14 iUusiarates a flowchart of a method 1400 for iniriatiring the 
display by measuring the parameters of all the pixels. Method 1400 starts 
in step 1405 and proceeds to step 1410, where an "ofT data voltage is 
25 appUed to all pixels in a pixel block, except for the pixel of interest. 

In step 1420, to determine and C for a given pixel of interest, 
method 1400 applies two data voltages (VI and V2), and the current is 
measured for each data voltage. 

In step 1430, the square root of the currents II and 12 are calculated. 
30 In one implementation, a square root table is used in this calculation. 
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In step 1440, and C are determined^ i.e., two aqxiations are 
available to solve two variables. In turn, the calculated V^^^ and C for a 
given pixel of interest, are stored in a storage, e.g., memory. After all pixels 
have been measured, the memory contains the two parameters V^^,^ and C 
5 for each pixel in the array. These values can be used at a later time to 
calibrate or adjust V^^ in accordance with equation (10). Method 1400 then 
ends in step 1455. 

It should be noted that the current through the measured pixel 
should be high enough such that can be treated as approximately the 
10 same at the two measurement points. Preferably, this condition can be 
satisfied by making one measurement at the highest data voltage that the 
system can generate, and then the other measurement at a slightly lower 
data voltage. 

Once display initialization has been performed, the raw input video 
15 data supplied to the display modxile can be corrected* It should be noted 
that the input video data can exist in various formats, e.g., the video data 
can represent (1) pixel voltages, (2) gamma-corrected pixel luminances, or 
(3) pixel currents. As such, the use of the stored parameters and C to 
calibrate or adjust the input video data depends on each specific format. 
20 FIG. 15 illustrates a flowchart of a method 1500 for correcting input 

video data representing pixel voltages. Method ISOO starts in step 1505 and 
proceeds to step 1510, where the stored parameters, e.g., and C are 
retrieved for a pixel of interest. 

In step 1520, method 1500 applies the retrieved parameters to 
25 calibrate the input video data. More specifically, it is expected that the 
input video data are tuibiased, i.e., zero volts represents zero lixminance, 
and data greater than zero represent luminance levels greater than zero. 
Therefore, the voltages can be regarded as equal to Cq V7 , where I is the 
desired current and is a constant, e.g., with a typical value 10 V /Va . 
30 To compensate for pixel variations, as input video data enters the display 
module, the value of V^^ « + CV7 is calculated for each pixel, based on 
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the stored values of and C. This calculation consists of mtLltiplying the 
video data by C/Co, and adding V^^ to the result. 

The division by can be avoided if the video data has already 
been scaled by the constant factor l/C^. The multiplication by C can be 
5 performed directly in digital logic, or using at look-up table. For example, in 
the latter case, each value of C specifies a table where the value of the video 
data is an index, and the table entries consist of the result of the 
multiplication. (Alternatively, the roles of C and the input video data in the 
look-up table can be reversed.) After the multiplication is performed, rapid 
10 addition of can be implemented with digital logic. 

In step 1530, the resulting voltage i.e., the corrected or adjusted 
input data, is than forwarded to the data driver of pixel array. Method 1500 
then ends in step 1535. 

In the case of gamma*corrected Itmiinance data, the input video data 
15 are proportional to I?^^ , where L is Itiminance. This is typical for video data 
that have been pre«correcfced for CRT luminance-voltage characteristics. 
Since l^^ a VZ , and the OLED luminance is proportional to its current, the 
data can be treated as proportional to V7 . Thiis, the calculation can be 
performed in the same way as for zero-o£&et voltage data as discussed 
20 above. 

FIG. 16 illustrates a flowchart of a method 1600 for correcting input 
video data representing pixel currents, i.e., luminances. Method 1600 starts 
in step 1605 and proceeds to step 1610, where the square-root values of the 
measured current are calculated. Namely, method 1600 is similar to the 

25 method 1500 described above, with the exception that the video data 
representing I must be processed to yield V7 . As noted above, this 
operation can be implemented using a table that provides square-root 
values as needed for deriving the pixel parameters and C from pixel 
current measurements, as illustrated in FIG. 14. Here, this table is used 

30 again to generate V7 from the video data. 

Then, the data correction steps 1610-1645 of method 1600 are 
identical to the method 1500 as described above, with the exception that the 
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square root of the input data is multiplied by C in step 1630 anci then 
followed by an addition of to yield the corrected data voltage. 

Alternatively, in another embodiment, pixel nontiniforxnity is 
characterized using only one parameter instead of two or four parameters as 
S discussed above. Namely, an additional simplification is made such that 
pixel nonuniformity is characterized using a single parameter. 

More specifically, in many cases the pixel-to-pixel variation in the 
gain factor C is small, leaving as the only significant source of 
nonuniformity. This occurs when the TFT transconductance parameter k 
10 and the voltage gain fector B are uniform.. In this case, it is sufficient to 
determine each pixel's V^. Then, data correction does not involve 
multiplication (since the gain factor C is assumed to be uniform), but only 
involves addition of the of&et parameter. 

This one-parameter approximation is similar to the above 
15 autozeroing OLED pixel structures. The present one-parameter 

compensation method should produce satisfactory display uniformity, while 
reducing computational expense. However, if maintaining display 
uniformity is very important to a particular display application^ then the 
above described two or four-parameter methods can be employed at the 
20 expense of increasing computational complexity and expense. 

Again, for one-parameter extraction and data correction, the display 
initialization process depends on the format of the data. The single- 
parameter method can be used to initialize the display and to correct video 
data for the cases of video data representing (1) pixel voltages, (2) pixel 
25 currents, and (3) gamma-corrected pixel luminances. 

FIG. 17 illustrates a flowchart of a method 1700 for initializing the 
display by measuring the parameters of all the pixels. Method 1700 starts 
in step 1706 and proceeds to step 1710, where an "ofT data voltage is 
applied to all pixels in a pixel block, except for the pixel of interest. 
30 In step 1720, to determine V.^^ and C for a given pixel of interest, 

method 1700 applies two data voltages (VI and V2), and the current is 
measured for each data voltage. 
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In step 1730, the square root of the currents II and 12 are calculated. 
In one implementation, a square root table is used in this calculation. 

It shoiild be noted that since the value of C is supposed to be uniform, 
then ideally it can be determined by making a two-point measurement on a 
5 single pixel anywhere in the display. However, this is questionable, since 
... the pixel of interest may be unusual. Thus, a two-point measurement is 
made on every pixel. 

In step 1740, the average C is determined. Namely, using a table to 
calculate V7 for each cxirrent measurement, an average value of C for the 
10 display can be calculated. 

In step 1750, is determined for each pixel from its current 
measiirements based on the average G. In this manner, small variations in 
C across the display are partially compensated by the calculated V,^. For 
reasons given above, it is preferable to make each pixel's current 
15 measurement at the highest possible data voltage. 

Finally, in step 1760, each pixel's is stored in a storage, e,g,, 
memory. Method 1700 then ends in step 1765. 

FIG. 18 illustrates a flowchart of a method 1800 for correcting input 
video data representing pixel voltages. Method 1800 starts in step 180S and 
20 proceeds to step 1810, where the stored parameters, e.g., is retrieved 
for a pixel of interest. 

In step 1820, method 1800 appUes the retrieved parameter V^, to 
calibrate the input video data. More specifically, the value of 
Kfaia = V^^Vj^ is calculated for each pixel, based on the stored valxie of 
25 V^, 

In step 1830, the resulting voltage V^^, i.e., the corrected or adjusted 
input data, is then forwarded to the data driver of pixel array. Method 1800 
then ends in step 1835. 

FIG. 19 illustrates a flowchart of a method 1900 for initializing the 
30 display by measuring the parameters of all the pixels for the situation 
where the video data represents pixel currents. It should be noted that 
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method 1900 is very similar to method 1700 as discussed above. The 
exception arises when method 1900 incorporates an additional step 1950, 
where a calculated average value of C is used to generate a table of zero- 
offset data voltage vs. pixel current. From this point forward in the 
5 initialization and data correction processes, square root operations can be 
avoided by using this table. The table is expected to provide a more 
accurate representation of the pixel's current* voltage characteristics than 
the square-root function. The table is then stored in a storage, e.g., a 
memory for later use. Then the individual pixel current measurements are 
10 used as indexes to enter this table, and individual pixel offsets are 
determined. 

FIG. 20 illustrates a flowchart of a method 2000 for correcting input 
video data represented in pixel crirrents, i.e., luminances. Method 2000 
starts in step 2005 and proceeds to step 2010, where the current pixel of 
15 interest's V.^ is retrieved from storage. 

In step 2020, the zero-ofiEset data voltage vs. pixel current table is 
used to obtain a zero^offset data voltage from the input video data ctirrent. 
This zero-offset data voltage is added to the retrieved Y^omt ^ step 2030. 
f^ally, in step 2040, the corrected or adjusted input video data, is then 
20 forwarded to the data driver of the pixel array. 

In sum, as video data are introduced into the display module, the 
zero-offset data voltage corresponding to each current is looked up in the V-I 
table. Then the stored pixel oflEset is added to the zero-ofi&et voltage, and 
the result is the input to the data driver. Method 2000 then ends in step 
25 2045. 

FIG. 21 illustrates a flowchart of a method 2100 for initializing the 
display by measuring the parameters of all the pixels for the situation 
where the video data represents gamma-corrected luminance data. It 
should be noted that method 2100 is very similar to method 1900 as 
30 discussed above. The exception arises in step 2150 of method 2100, where a 
calculated average value of C is used to generate a table of zero-offset data 
voltage vs. the square root of the pixel current. Namely, the video data can 
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be approximated as representing V7 . As such, the average value of C is 
used to create a zero-offset table of V^^ vs. V7 , and this table is saved in a 
storage such as a memory. 

FIG. 22 iUtistrates a flowchart of a method 2200 for correcting input 
5 video data represented in gamma-corrected luminance data. It should be 
noted that method 2200 is very similar to method 2000 as discussed above. 
The only exception'arises in the zero-offset table of V^,, vs. V7 . Thus, in 
sum, incoming video data are used to look up the zero-offset data voltages, 
and stored pixel o&ets are added to these voltages, 
10 It should be noted that the above description assumes that the OLED 

drive transistor N2 is operated in saturation. Similar compensation 
methods can be used, if N2 is operated in the linear region. In that case, the 
pixel's current voltage characteristic is expressed as: 

15 V^^V^^CiI)I^D^ (11) 

where C(I) is a weak function of I. Again, the term can be incorporated 
in if the current is suflBdently high, such that only an offset term and a 
gain factor need to be determined as disciissed above. -However, the one- 

20 parameter approximation, where only the oSset voltage is regarded as 

nonuniform, is not anticipated to be as accurate as the above one-parameter 
approximation for the saturation case, because now the gain factor C(D 
contains the nonuniform OLED parameters A and m. Thus, the two- 
parameter correction method will likely perform significantly better than 

25 the one*parameter correction method, if N2 is operated in the linear region. 
FIG. 23 ill\istrates a block diagram of a system 2300 employing a 
, display 2320 having a plurality of active matrix LED pixel structures 300, 
500, or 700 of the present invention* The system 2300 comprises a display 
controller 2310 and a display 2320. 

30 More specifically, the display controller can be implemented as a 

general purpose computer having a central processing unit CPU 2312, a 



(59) #BB¥ 1 1-219146 

•34' 

memory 2314 and a plurality of I/O devices 2316 (e.g., a mouse, a keyboard, 
storage devices, e.g., magnetic and optical drives, a modem, A/D converter, 
various modules, e.g., measixrement module 1330 as discussed above, and 
the like). Software instructions (e.g., the various methods described above) 
5 for activating the display 2320 can be loaded, e.g., from a storage medium, 
into the memory 2314 and executed by the CPU 2312. As such, the software 
instructions of the present invention can be stored on a computer-readable 
medium. 

The display 2320 comprises a pixel interface 2322 and a plurality of 
10 pixels (pixel structtires 300, 500, or 700). The pixel interface 2322 contains 
the necessary circuitry to drive the pixels 300. 500, or 700. For example, the 
pixel interface 2322 can be a matrix addressing interface as illustrated in 
FIG. 1 and may optionally include additional signal/control lines as 
discussed above. 

15 Thus, the system 2300 can be implemented as a laptop computer. 

Alternatively, the display controller 2310 can be implemented in other 
manners such as a microcontroller or application specific integrated circuit 
(ASIC) or a combination of hardware and software instructions. In sum, the 
system 2300 can be implemented within a lazier system that incorporates a 

20 display of the present invention. 

Although the present invention is described using NMOS transistors, 
it should be understood that tiie present invention can be implemented 
using PMOS transistors, where the relevant voltages are reversed. 

Although varioTis embodiments which incorporate the teachings of 

25 the present invention have been shown and described in detail herein, those 
skilled in the art can readily devise many other varied embodiments that 
still incorporate these teachings. 



(60) #BS¥ 11-219146 

-35- 

Wliat is daimed is: 

1. A display comprisiiig at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 
5 is for coupling to a first select line; 

a capacitor having a first and second terminatls, where said drain of 
said first transistor is coupled to said first terminal of said capacitor; 

a second transistor having a gate, a source and a drain, where said 
drain of said first transistor is coupled to said drain of said second 
10 transistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a third transistor having a gate, a source aind a drain, where said 
source of said third transistor is coupled to said drain of said second 
transistor, where said gate of said third transistor is for coupling to a second 
16 select line; 

a fourth treuisistor having a gate, a source and a drain, where said 
drain of said fourth transistor is coupled to said soiorce of said second 
transistor,, where said gate of said fourth transistor is coupled to said source 
of said first transistor; 
20 a fifth transistor having a gate, a source and a drain, where said 

drain of said fifth transistor is coupled to said drain of sadd third transistor, 
where said gate of said fifth transistor is coupled to said source of said first 
transistor, and 

a light element having two terminals, where said source of said 
25 fourth transistor and said source of said fifth transistor are coupled to one of 
said terminal of said light element. 

2. The display of claim 1, wherein said light element is an organic light 
emitting diode (OLED). 

30 

3. The display of claim I, wherein said transistors are thin film 
transistors constructed firom amorphous-silicon. 



(61) ^mW- 11-219146 

-36- 

4* The display of claim 1, wherein said second select line is an autozero 
line from a previous row. 

5 5. A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 
is for coupling to a select line; 

a capacitor having a first and second terminals, where said drain of 
said first transistor is coupled to said first terminal of said capacitor; 
10 a second transistor having a gate, a source and a drain^ where said 

drain of said first transistor is coupled to said drain of said second 
trsmsistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a diode having a first and second terminals, where said source of said 
15 second transistor is coupled to said first terminal of said diode, where said 
second terminal of said diode is for coupling to an illuminate line; 

a third transistor having a gate, a source and a drain, where said 
drain of said third transistor is coupled to said first terminal of said diode, 
where said gate of said third transistor is coupled to said source of said first 
20 tramsistor; and 

a light element having two terminals, where said source of said third 
transistor is coupled to one of said terminal of said light element. 

6. The display of claim 5, wherein said diode is a Schottky diode. 

25 

7. A display comprising at least one pixel, said pixel comprising: 

a first transistor having a gate, a source and a drain, where said gate 
is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 
30 said first transistor is coupled to said first terminal of said capacitor; a 

a second transistor having a gate, a source and a drain, where said 
source of said first transistor is coupled to said source of said second 
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transistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a third transistor having a gate, a sotarce and a drain, where said 
source of said third transistor is coupled to said drain of said second 
5 transistor, where said gate of said third transistor is for coupling to a second 
select line; 

a fourth transistor having a gate, a source and a drain, where said 
drain of said fourth transistor is coupled to said soinrce of said third 
transistor, where said gate of said fourth transistor is coupled to said source 
10 of said first transistor; 

a fifth transistor having a gate, a source and a drain, where said 
drain of said fifth transistor is coupled to said drain of said third transistor, 
where said gate of said fifth transistor is coupled to said source of said first 
tremsistor; and 

15 a light element having two terminals, where said source of said 

fourth transistor and said source of said fifth transistor are coupled to one of 
said terminal of said light elenaent. 

8- The display of claim 7, wherein said light element is an organic li^t 
20 emitting diode (OLED). 

9. The display of claim 7, wherein said second select line is an autozero 
line firom a previoxis row. 

25 10. A display comprising: 

at least one autozeroing pixel structure; 

an autozero line, coupled to said autozeroing pixel structure, for 
allowing said autozeroing pixel structure to perform autozeroing; and 

a second line, coupled to said autozeroing pixel structure, for carrying 
30 a voltage to said autozeroing pixel structure that permits a range of 
autozero voltages to be extended. 
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11. A method of iUuminating a display having at least one pixel, where 
aaid pixel contains a circuit for controlling appUcation of energy to a Ught 
element, said method comprising the steps of: 

(a) autozeroing the pixel; 
5 (b) loading data onto said pixel via a data line; and 

(c> illuminating said Ught element in accordance with said stored 

data. 

12. The method of daim 11. further comprising the step of: 

10 (aO precharging said pixd prior to said autozeroing step (a). 

13. The method of daim 11. wherein said autozeroing step (a) comprises 
the step of applying a reference black level. 



15 



14. A method of illmninating a display having at least one pixel, said 
method comprising the steps of: 

(a) measuring a pixel parameter of said pixel; 

(b) adjusting an input pixel data in accordance with said measured 

pixel parameter; and 
20 (0 iUuminating said pixel in accordance with said adjusted input 

pixel data. 

15. The method of claim 14. wherein said measuring step (a) measures 
externally a current drawn by said pixeL 

25 

16- -The method of claim 15. wher«n said adjusting step (b) adjusts said 
pixel data by using said measured pixel parameter to determine a voltage 
of&et (V^ parameter. 

30 17. The method of daim 16, wherein said adjusting step (b) further 
adjusts said pixel data by using said measured pixel parameter to 
determine a gain factor (C) parameter. 
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18. A system comprising: 

a display controller; and 

a display, coupled to said display controller, where said display 
5 comprises a pluraUty of pixels , where each pixel comprises: 

a first transistor having a gate, a source and a drain, where said gate 
is for coupling to a first select line; 

a capacitor having a first and second terminals, where said drain of 
said first transistor is coupled to said first terminal of said capacitor; 
10 a second transistor having a gate, a source and a drain, where said 

source of said first transistor is coupled to said source of said second 
transistor, where said gate of said second transistor is for coupling to an 
autozero line; 

a third transistor having a gate, a source and a drain, where said 
15 source of said third transistor is coupled to said drain of said second 

transistor, where said gate of said third transistor is for coupling to a second 
select line; 

a fourtii transistor having a gate, a source and a drain, where said 
drain of said fourth transistor is coupled to said source of said third 
20 transistor, where said gate of said fourth transistor is coupled to said source 

of said first transistor; 

a fifth transistor having a gate, a source and a drain, where said 
drain of said fifth transistor is coupled to said drain of said third transistor, 
where said gate of said fifth transistor is coupled to said source of said first 

25 transistor; and 

a U^t element having two terminals, where said source of said 
fourth transistor and said source of said fifth transistor are coupled to one of 
said terxninal of said light element. 



30 19. A system comprising: 



(65) 11-219146 
-40- 

a display controller having a measurement module for measuring a 
pixel parauneter of a pixel and a storage for storing said measured pixel 
parameter; and 

a display, coupled to said display controller, for displaying an input 
5 pixel data that is adjusted in accordance with said stored pixel parameter. 

20* The system of claim 19, wherein said measurement module comprises 
a current sensing circuit for measuring a current drawn by said pixel. 
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Abstract of the DiscloBxare 
LED pixel structures and methods that improve brightness 
uniformity by reducing cxarrent nonunifonnities in a light-emitting diode of 
the pixel structures are disclosed. 
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